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SUTARY

This report covers the 30mm-7Omm Weapon Feasibility Study conducted

undey Contract DRA-OL=~1$%~0rd-L50. As & result of the study it iz showm that

1t iz feacible ) mest or exceed the idll probabllitiss required at the specifled
combst conditions with a 37em gun based on the open-chamber principle,

The ey ort is divided ints seven scctions as follows:

Section 1 covers the deseripiion of the weapors principle that is proposed
ty this contmacior as well as the historicsl dats reparding s limited experimentsl
firtng program conducted lo prove the feasibility of the asproach.

‘Sa;ﬁian 2 considers certain other weapone principles as they apply ¢o
thic study.

Section 3 iz concerned with the design considerations that demonstrate
the feacibility of adapting tie open-cha 'r gun principle to & I7m gun having
& rats of fire of 10,800 reunds per minithk within a weight of 450 pounds.

Ssetion § treats the interior bx}?natics of this system and shows that «

- muBtle velocity of 3000 feet per second can be obtainsd with a muximm pressure

of 38,000 pounds per equare ineh,

Section § covers the exterior ballistics of the 37mm mine type round and
shows that proper gyroscopic stability is obtained at ses level conditions. -

getion & covers the kill probability computations under the tpecified

combat conditions, It also pives results of computations btased on varied dise
persion and firing time psrameters. It is shown that this system attains cone
sidarably higher kill probalbilities at 2000 yards future range than the objective
specitied,
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Sattion 7 12 a brief treatment of the offset cm the maintenance and
supply prodlen of ecertsin feslures of the open=charber pun.
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This study has as 18a objective the attaimmant of the following minlmum
K1l probabilities at tho combat conditions specified.

Tt is sxmumed that combat takes place at 20,000 fest altitudes. The
attackeris apesd i3 squal to the fighter target speed of 1LOO feat par sscord.
Tha bombsr terpet speed 15 811 feed per second. The future range is assumed
to bs 2000 yasds. o

Thres Conbat Conditions are specifiasd:

¥o. 1 »» Purmuit ctures attack sgainst bomber =« le = 0,59
No, 2 <= Pureult course attack against fighrer - sz = 0,26
Mo, 2 -« Gollision courde attack sgeinst bomber [5° off ¢ail o
Py 3 = 0.59 sxivo
= 0,62 ripple

The sbove kill probabilities gre o be mot with s system whose weight
aces not sxcesd 2000 pounds sxclusive of-Tire control. The time of turst is
limited to 1.0 second maximm.

The Y'wm opan~chmber gun and sssmurdticn, proposed as s solution to the
long Tange, Righ Mill probebllity problem, has been selected by this contractor
aftar considerabie study of other weapons systems,

%

4 bar to the development of an ultrs~high firing rate weapon has beer

removed by actually firing 20w wmundition in a gun >ontaining a disoontimuity
in the chanber wall., This proves that it is possitle o loaxd ammundtion transe
versaly, thus elininating reciprocating parts and inherent mechanical time delays.
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The m@oﬁs symm propased in this report c%&a the objective kill
probability requirements within the specified limitations of weight and firing
tine,

The kill prodabilitiss attained for the three specified Combat Conditions
at 2000 yarde future range are as follows:

No. 1 «= (Fighter to bomber pursuit) «= le = 0,72
No. 2 «= (Fightar to fighter pursuit) -« ?xa = 8,56
No. 3 == {Fighter {~ bomber collision) - ?"3 = 0.74
It has been concluded that this weapons system lends itaelf to simplified
fire control sinee it 1s possible to obtein high kill probabilities on a pursuit
course attack as well as a head-on approsch. In the lstter case ovoning fire
nay take place beyond S300 yards range, minimizing the danger of collision.
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SECTION 1
HISTRICAL BACYOROUKD

Lafinition

The opsn-chamber principle ix based on & method he which it 1s possidle
to sliminxte axial translation of wwwnilion into a gun chamber, It i3 o svatem
vhareby ¢ round of smmunition is moved transverssiy rather than longitudinally
into ‘l Ziring chamber. This firing chesber iz formed bv two or mors mesbors
which move trensversely st the rroper time t& sontain the round of apranition
Prior to firing,

This prineiple may be spplied to guns of superior ballistic performanse,
It Is important that the essential differences be noted between the high pressure
open chanber gun snd those mechanisax enploying transverss loadice of ammnition
using a rund in which the cartridge case serves ss & ehm‘bem The T-131 boosted
rocket, for ‘e:mple, firing in thew‘r_-;io launcher, 1s in the latter category
and is not considered an opan~chamber gun within the meaning of this study,

The sdvantages of a gun svstem based on this principle are due to the
fast that movement of ammunition and gun parts is reduced to a minimum with
consequent reduction of sccelerations and forces. Automatic weancns are simpli-
fied by the slimination of reciprocating parts such as ramming and election
devices, and &3 2 resmlt extramely high firing rates may be achicved,

Previous Deaisns aad Bwperimental Work

Applisstions of the open<chamber principle have been tried ia tha past
by varicus gun designers but the recults have been uniformly disappeinting. As
fer as is known, &11 previous approsches tu this design principle have made use

Report Ro. 09=187-p 1-1




LR A p

of eartridpge coex of cireular erons section, »_
et . ;'-:.7_ .
One of thess previous experimental desipna comsisted of two sprovkebed @

drume that foreed 2 elmsber al thelr junction around A cirgclar sariridre cass,

A zeries of cams an? looks wis required %o move around the periphery of vach

sprocket in order o form the chamber snd {n order io pemmit relaiive movement
betwesn the sproskets and to avoid moving srrocket centers. In order to test
thix dasic design, the sorocket chamber war simulated by mrans of slossly fitted
eylindrical half-blosks that surrcunded the cariridpe case, These half-hiocks

- were nserted into & heavyewslled tuhe with practically zerc clesrance. Upon .

| firing, the cartridge ctse ruptured longitudinally at the seams foymed by the -
half-blocks, The results of this test indicated that it was impractical to maine
| tain 2 cartridee case intset vhen fired under high pressures in a disecontimious

L
ot g

chankier. 18 1% reemed avparent that a ciromferentislly contlmuous chember wall

ety
L

= YA B N A L e -
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wis naceszary to prevent longitudinal rupturing of the urtriéga case, Therae

e

fors, 1t was concluded that & transversely losding high-performancs gun vas
Smpractionl, if not impossible; to achisve in practice.

It is interestirg to nots that the Union forces considered the use of a

R L

transverssly losded gun in the Civil War period. Thiz wis knoun as the Ager
Coffes M1l Oun, invented by Wilson Ager. It was made in .58 caliber size xnd
wis designed for & firing rate of 120 rounds per minute. Oenerically, however,

B ot

’ 4t could not be considered sn openechisber wespon, sinee amch eartridre cans
' conatsted of & hesvy-walled cylindcr which, in effi-t, served 82 & firing chamber,
In <his respect it was similar to the T-131 rocket case. A full descrintion
{Reforencs 1) of this guns is given in Volume 1, Chapter 2, of "Ths Machine Cun® !
by George M. (hinn, Lt Col, USMC, IR
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Hen-Uireular Sartrityo onens-Chanber Oun

Since experimental seidence indicaied thsl ihe ensn-~chamber -rinciple
was impractical for wze with & elrsulzr cartridpe core, 1% wam declded to in-
vastigste the posaibility of use of soms form of cartridre cross-section other
than eireviar. The Tirst desirn study, as far &s we know, of a proposed pun of
this tvpe resulied in the srrangement shoun in Figure 1-1 (Drawing No. 700030}
dated 28 September 1551,

A non=eircular cartridre case, vhich can be indexed, permits controlled
reinforcement at the lines of chamber discontinuity. A thinewalled non-cireulayr
crlindsr tends to assuma a circuisr section under intermal pressure hefore
rapturing, the elasticity of the material determining the degree of approsch
towsrd & circular section. It was ressoned that if the non-circulsr cartridge
case vers made of & {airly elastic material, snd if 1% were supported on &1l
#ides, a considerable amount of breech deflection conld be tolerated without
zamsing longitudinal tesping of the case., Nurthermors, it wvas reasoned that
since the case would be indexed within the chasber in certain fixed positions,
it would be possitle to reinforce the unsupported corners at the loints, and
thue trevent extrusion of the corners intc these gaps, Thix would be impractical
in a circular case bscause there is no simple way of indexing it in Fived posi-
ticns without adding erxterior protrusions and brivging about other complications,.

The basic gun cesipgn, as shown in Drawing No. 790030, uses & rotary drum
which has one or mors longitudinal receases on its pariphery, As each recess
pussss the staticrnsry breech; the firing chasber ia formed by the rotary drum
and the breech. The round of smmunition, also showm on Drawing No. 790030, is
shaped to conform to the chuaber formed by the longitudinal recess in the drim

Report No. (0=147«p 1e3
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and Bhe Bredel.  THe ctre showa 68 his rhetah is aprroximately semlecireuwisr
in cross sechbion, althouph it mmy be of any convenient ocuter shaps such as &
triangle, rectangle, eta, It is alro seen thal the corners are reinforced to
prevent extrusion of case material into the paps formed when gurn parts deflest
under high pressurs,

An jmportant ¢lewent of the cartridpe case desipgn is the internal crlise
drical sleeve uzed te hold the projectile. The sleeve and 1%s I'ront connceting
flangs form an obturating 2eall ageinat the rear fage of the barrsl, Thus it
my be seen that & completely obturasted gun chambed is thduined by the cartridgs
case within the recess fzrmed by the drum and breech.

The pon is loaded by inserting the smmunition from rne side transversely
inte the drum recess. The drum then rotatss wntll the smmunition is supported
longitudinally by the stationary breech, at which point it 1s fired. The drum
sontinues its rotation and the fived cartriéga%ctse is gjected transversely on

) the opporite side. -

Uoing this basiz nrinciple, & large mumber of different pun configurationy
e poosible. Foy erample, the gun may be provided with ome or more stationmary
barrels attached io the breech, the number of barrels being determined by the
desired mumber of firiny positions., In this case, the drum indexes inte firing
poaition opposite the barrel, or bharrels, and remains ststionayy while the
projectile is fired. Ainother pozsidility employs rotary barrels atiached to
the drus opposite sach longitudinal recess. In this cuse, firing tokes plece
a8 soon &y the appxmition is covered by the stationary breech and it ls unnecese
sary to hold the drus and barrels at rest during firing since thoy are in aligne
mont at &1l timen. The breech would be made wide enough to kesp the case sovered

1=k Senort Ne. UY=lii7en
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Dissssenbled Tert Case and Chamber

Figure 1-2,
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COuF ENTY

- for the severel mitlizveoncs dirim tie piriod of hifh proirioe, The el enild
be covered with an anti-friction compound, mich as Teflen, to nminimire the hirh
friction loade that venld othorwlse be encountered, With this sertem (b araenrs
poraible to stiain extremsly hish firing rates with multiple barrsled veanons,
Present studies indicate the popsibility of rates of fire 1 oxeess of ::-,mf;

reunds ner ninute with pims o J0mm or oven higher saliber,

¥any actuating means may be ured 4o rotate the drum or drumeandebarrel -

assembly. It is possible to uos such power sowrces as pun pas, resoil, extermal
slectric, hydraulic or gas turbine motors, ete. The eliminatdion of any major
reciprocating parts brings about the possibility of vsing very simple drives
walh many varintions of motive power.

A msjor advantage of the poritively indered round lies in the possivility
of using pre~engraved rotating bandz in ~sder to elinminate engraving stresses
and prolong barrel 1life. Preper indexing of pre-sngraved retating bands is
difficult to achieve in 2 high rate of fire weapon with cirenlar cases,

Test Chimbey

In order t5 prove the basic fragibility of the cpenechamber principls, a
test chamber and two cartridee cases were fabricated in May 1752, One of the
cases, with the dissssembled test chamber, is shown in Figures 1.2 and 1.3,
The two sases were machined from solid bar stock, one being mads of SAE 1020

atael; the other of half-hard commercial brass. End caps equipped with small

vent holss were provided for sach cere to permit the ascane of powder gases,
Provision wvas made for the ineariion of & preswurs gsge at one ond of ths test
bresch to meapure ihe intemal pressure gensrated oy the mrning of the powder,

Renord No. 09=107-0 a7
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GAS EBCAPE
ORIFICE

S Pigure 1sL. Arsembled Test Case in Test Bloek
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Fipure 15,

Assembled Test Chamber
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Brass Case After Firing

m‘ 1"“7.

1-11

T®

RS PR3 FURS

L TP R e

Gasdssarbiira

Wi bt e SR

T T e g

. .




GONFIERTIAL

Firures 1eh &nd 1«5 show the macuer of tegesbline bthe Loeh Dloelk, case, and
pressure gage. Figare 1«5 shows the aasembly of the electrie firine lead that
connects to an alectric smiib located within the case,

T™he inftial firing tests, with the equipment desopibed; took plses on
2 Septenber 1953, Ths cases were loaded with seven to eight prams of TMR €962
pavder romoved from 20mm ammmition, The case volume waz 26,7 euble centimebers,
Ths pressure recorded in both the steel ang brass cases was approximately L%,000
psi. A subsequent examinntien of the cares revesled no fallure of any zord.
Figures 1-7 and 1-f show the brazs casze after firing.

It iz velleved thnt these tests represent the first swcceszful firing
at hirh pressure ¢ a eartridre case within a discontinuous champer., On the
basis of the res its it was decided tha' continued development and tes<y, with

3 test man, were warranted,

"&;n OpensCranher Test un

~»

In order Lo dotermine how ithe interior ballirtice of an open-chamber
type gun would commare with the ballistles of conventional weanons, a test gun
and ape.ciﬂ armunition were made. WNo attemdt was made to desirn an optimum pun
in this instance, but merely to fabricate & firing chambor fitiad with barrel
and capsble of firing & hirheproessure round of ammunition without failure.

The gu- is shown in Fipure 1.9, Drawing no. 770610. It consists of &
rectanpular treech {similar to the one used in the original statis firing test),
& eliding block centalning 8 triaapulasr loaritudingl recess, and a standard
20mm barrel. The barrel was modificd by e-tilar off the portion contalning the
originel chaaber and threading the reir end to fit the restanm,ular breech, Rinae

the unpar binck sarface war cuvved Lo similate the chaoe of an open-chanber

112 Ronort o, 09=107-D
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drung an muilicry bloch was made t6 [t over it etwérinr the top of the round -
80 that the entire ssserbly could be mtde to slide i and ont of the rectanpular
breeeh rscess. A conventional rsceil sdapter snd & modificd 20mm cradle were
used to supuort the gun on s Firing stand,

Fleurs 1«10 shews the entire pun sssenbly resdy for firing. Two different
types of pressurs gages were used sbwslianecusiy to ascertain the msxism prese

wire. The ove shown in Fipure 1«10 i the szme as the one used {or the originsl
z optneehimber statie firine test and Is known as the Rutishauxer type. Figure

s ? =11 shewy thia rare 8ss<nbled in place. A copper orusher type gigs wvas used ,
] on the opposite {ripht) aide of the pun (showun in Pigurs 1.12). Copper cylinders ?'
and a Tarage table were cbitained from Frankford Arsemel.

Fipures 1-13 and 1-1 show the assembled and disassembled round of armunie Lo
tion, respactively., The mmrunition is of the telescopsd type with the projectils e
entirely within the cartridge case nn&ff;nws the basic design vaed for the
special round designated as Design No. L {Reference 2),
e triangulnreshaped rounds had the following charscteriastics:
Case material -« SAE 1020 steel
Sleeve material -« soft copper
Projectile -« ¥59, 2000 grains. Rear rotating band chamfered 15°
Volume of case -« 3,50 cubic inches {58 cublie centimeters)
Propellant =« L2.L5 grams DR 6962 ,
loading density == 0.7 >
- Primes— Erectric, ks gretr "

'
B o tier b '

Report No. 09-187-D 115




.

LIVINGD (nauid

SWIHDIE
DNELDY

i

puess UTEig UG UWG 3SR Jagueys-uadd wwo?

A u\“.m

il)3%ug
HEIAVAY

AI003

TARUVE KK0Z AINACOI

‘o1~ 8and 4

RS
.

Revort o, O0L1°7.D

1-16

LONFIDENTIA




wvoRAN.

P oo

d
o
-

L

ATRER

3

ST

3

Closeup of Rutishanser Gage

Figure 1-11.
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CORPRLN TR

The projectile uaz held at the ragr by the brass srojectile pupport with

& ariap into the projectils crimping groovs to simulate the condition ottained %
with & conventional cxvtelidge case. The front end cap, vhich curried %he oyline
drical front support for the projectile, wes brazad 4o the cartridpe zase. The
rear o&p was cemsnbad in vlace and contained s thin flange thal providesd chitue
ration by ewpanding under pressure zgainst the intericr of the oubtor case,

The firet firing took places on 25 Novenber 1553, Only one shot wug fired
and the instzumentsl velocity of the projectilie waw 2620 fest per second, whieh

corrosponds slosely to the predicted veloelty of 2600 feet psr second foy the
knoun loading conditions, A pressureetime curve, which indicated normal intericor
ballistics, wes obtained with the Rutishauser gage. Study of ths pressure gage
rendings indicated & muwimwm chamber pressure of aprroximately LO,000 pei. The

s g i

shrtridges cise showed no evidonce of rupture, sither in & longitudinel or a

-

trensverse direstien. The front cylindrical projechlle tupperd was damaged,
apnarantiy due to exesasive rotating ¥n-4 interferonce.

After firing it was determired nal the cartridee csse had & permana.ac

P AN

dismotral defermation of 0.016 to 0.018 inch. Since the original clesranse

hetwean receiver and breech was approximately 0.012 ineh, this resmilisd in s

e

tight assembly after firing. Considersble force was reguired to separsts dha
#liding block assembly from the bresch fues to this interferance condition. The
gun perts showed no permanent set after firing and showed no indleation of

1ol overestosss conditions.

- v_v-—r-t-q‘rr" T BTN L ., Y

Bigheapond motion piatures taken durdng the firing test chowed .
obhturation at the front snd very litile ges lesksge at the rear. Thi- slirkt
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CORHIBEN I

;@n.lﬁktgt could have ocemirred thecurh the primer plur thresds or around the

flange of the rear oud cap,

It ix interesting to note that, ss far as is known, this war the first
shol ever fired without case failure under highepresmira conditisns from a gun
having & eircumferential discontinuity in the chamber wall,

The test slso showed the desirabi'ity of having a cese material with a
high degree of elasticity se that it can return to its original shape and so
sliminate post-firing friction logds. This is not as important in an application
whiere there is continuous move-went of the case relstive to the bresch, sich aa
the votary barrel open-chamber designs. In this case, friction loads &re mini-
mized by use of Teflon or other anti-friction coats, and the dynamie fric&:‘:m
iz souewhat less than the static friction between the same materials,

The second firing test wae conducted on 1& December 1953 using the care
tridge case that was fired in the firss test. This case uze remachined to ths
original dimcnaions, giving 4t & thinRer wsll than previsusly, _A new &ront
euvlindrical svpoort was made, and the band interderence conditic~ was sllevisted
by an improved deasign of the copner sleevs, The name powder charpgs ves uasd
{L42.45 grams) with & better povder distritution at the rear bv use of & cone
pressed paper filler sround the rose bushing, 7The original case-bressh cleavance
of 0.012 ineh vas reducod to spproximetely 0,007 inch. ¥No veloelty moasuremint
wan ohiatned dus to fallors of the rzeording annaratus,  The indicated maximum
Jressura was apain approximately 50,000 psi.

The latersl stetic foree required Lo separste the block asserbly in this

‘rioe whg sbout one-ha. ” of that reguired 1 the first test. Dlamstral pes.’

munent wea. sdon of the eariridpe case cccurpred. The front ond cap, eviindrieal
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SUPPOIS, And case body wers undomaped, The pear end cap wes split longitudinally,
posslbly besunse of sreensive expansion in the flps, firing test and subsesuent
fellure since the materisl was in o pre-strossed condition.

Highespead mobtion pictures taken during the second fivinpe test indicated
mot 3 gax leakrps than in the first test dues to a sowewhat different assembly
condition. In this caze, the front end cap was rnot bragsed to the cartridge case

wBul-ons TLMPIF 2 lipht push £4t within i, Hence the case expanded around the
and cap permitting & gap to form and pas to escapes. As in the csszs of the first
cent, the gun parts showed ne permanent deformation,

& third firing Lest was conducted on 13 January 195h using an &usimm
esertridge csse of 7557 composition. This material hes & high elastic 10Lndt
but very littls elongation, and it was antizipated that the case might fail
under excsspive deflection. Upen firing, the case failed longitudimelly 4n twe
plaess, persitilny & gss leakage and consequent. arosion of ‘the bresdh parta,
This series of Lests indicate that it'is more important that the case materisl
possess & high elonpatisn rather than a high vield point.

For this third test the charge consisted of L2.8 prame of TR 6962 powder
vith 2 case volume of 59 cublc centimeters. The recorded instrumental velocity
was 2330 feet per sscond. The maximum pressure recorded was spproximately
%,0C0 psi. Very little force was required to separate the block aamembly from
the brrech after firing,

It is apparent that an intensive progrom of meterisls reswarch and develop.
ment would ba highly desirable for application to csrtridge casss for opene
chasber guns. This should include invertigation of nonemetallic materisls sueh
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a3 fibergias and laminated phenolices, as well as combustible materinls such
83 nitrowcellulsse. In the case of the latter, various obturating mesns must R
4

e investipated,

Raforences
1. George M. Chinn, Lt Col, USHC, “The achine Gun,” Bureau of Ordnance,
Department of the Mavy, 1951,
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SECTION 2

Combat Conditions .

In order to wmeet the basic reguirements of the J0mm 4o 70ws Veapors Siudy,
it is necessary to consider only systems thet equal or srceed the specifisd
aintamom kill probabilities under the spscifisd conditions, FPurtiwr, the wdght
of the weapon and ssmenition aust not axcesed 2000 pounds.

As stated previously, the minimum kill probabilities ars 0,59 and 0,26
sgainst & bowber and fighter respectively on & pursuit course attack, and 0,62
sgaingt & basber on A collision ocurse LS° off the tail, These kill probabliisties
must be sshieved at & future range of 2000 yards, which i3 defined as the distance
betwwen Che sttacker and targot at the monment of projectils impact. Preasnt
rangs is dafined ss the distance Detwstii the attacker and target vhen the projece
t41s 4s lacnched or fired. Tt is obvious thet, in the case of the fighter
target, and targets of squal speeds, present and future ranges ave identicsl,

The conbat sonditions are sssumed at 20,000 Zeet altituds. The bambor
target speed ic 811 feet per second while the spesds of the stiacier and the
fighter target are assumad to be equal at 1400 Jest per second,

Sxrawe-avs Regudred to Heet K111 Probabilities
me it kK1l probabdddities have bean coapated by the Balliatic Reasarch
Laboratery for the following conditions:
Humber of projectiles L4088 sovoceescosssesscsessnonsose 100
Explosive content psr proJeotile ccecisssaevecass 140 10 TNT
Woight of Profectile seecssossesecrsserssessonsssssss Sof 1b

Report Noo 09-187.D 2.1
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Time of flight to Li.get at 2000 yurds

LOLUIS PADGO soeensostssssrarorsasssreensres 200 BocONRAS A
Tine to £476 on persult courss atick ve.eseeess 1.0 p6sond
Tims to fire on collision course allatk .aeessee O3 Booond
iny of the above parsmetsre could vary provided that the relatiwe striking -
welooity of the projectile excesds 1L0C feet per sscond to ensure proper fuss d t
fonotiondng. } 3%
The firing time must be held to & naximam of 1,0 secend in order to mest ?
sonditions brought about by targets of opportmily and to mest meximem survival 1 |
provaldlity sgainst o bowder carrying effective defensive symament. - L
The wospons syutem specifisstions, including smrunition btut not fire i°?
contrel squipment, are 2o followss -
TABLE 241 L.
. e 10
' VOLUME vvvvveenisnnnnnesassites b cublc feut R
WHIEME vovesirrocacsrssrcaccensss 2000 powrsis i
BRCOLY seeessasncasectonsvcnves LU0,000 pounds . :
In sddition, no external stores are permitted, sxospt for retrastatle : ’ f
laoncher pods sinilar to the oos on the FSAD. “§
methed of Approsch B ’
In considering the possible variztions of the cutiined prejectiles and | ; :‘t ;
wespon paramsters, it wvas realized thet extremely high firing rates would be ; :
required, in addition to relatively short time of flignt. :
oy
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CONFIBENTIA

The time of Ilight of 2.0 seconds means sir travel of 8800 feet alter
launching or firiag, befors impaet, ab 2000 yards fuluwre vange. The average
velooclty of LLOD fset per second would be diffisult to obtain by mesns of cone
ventional propellsats, Therefore, it was clsar that some of &iw othar papametars
would vequire medificatisn in order to relax tis time of Ilight requirementa.

3%&fﬂmmmﬂm£ttaz.ammtwlmmim
sttaul, thers wsre only two significant paramsters left for considsrationt
axplosive centent, and number of projectilas fired,

A study of the vulnerabls arsa curves in ML Note 8507 shows that a
fighter target requires & maximum of 0.5 pound of TRT on & pursuit attack.
Beyond that, no purposs would be served by incressing ths H.E. content since a
condition of "owerkill" would be obtained,

The wuinerabdlity curves for the bomber tarpet show thet the vulnerable
area $a not linear vith H.E, content of the projectile in the rangs considered.

Tharelore, it was concluded that it would be most advantagesus to inoresss
the namder of projectiles fired, and decrssss the H.Z. content, in oxder to

compansats for an incressed tims of flight, .

The following modified system characteristics were set up as a first
aporoximation toward a solution:
Wonbar of projectiles fired covviceienncecanens 200 minimim
HeB, content (minimom TNT squivelent) .ecveveecs 0450 pound

Tine of flight o 2000 yards
m W LA E R R EEEEREREY X EY W FI e 205 t\ﬂ 3!0 ”m‘

Report Fo. C5-187-0 2«3

VBBl ERAE & o

e

e st - S

T A VIR €

b




CORr ORI

Soave: 92etS | of wespon Tyres o
FE veris types of miasiiee may bs ecoaddesed a8 possitis sciztisns

o the rotls o m:9bing the spesifisd kill probabilitiss:
ﬂ-hmwmaymmawg —I
BOC 13+ acketn which sew Jaunohed or 2ired oub of & gun barrel with }
& Sautai ol 11501 relonity thet 16 dnopwised “o & hights termimal wlooity
tr asans of © yo.. #oters 1
i

Curefl { | sninotdles having ne siditional rocket powss,
RBockwes © ic4y ¢ existing rockets stoved that the dssireble sise would
b8 in the 1a5 to “.0 i Clameter cless. e weight of the rosket wes asrumed E
tobe tetwen 34 16 . A trisf sralysiz narroved the opbiwum oise down o
spproximateldy 1.5 to . v 1-ahes, .
I% was oo lode iy wnile & reckst in this sime mwm e »
kil probability ro-utre m{.—:.gt@mﬂ;:iQWNMWC
ummwﬁ;m:{;mgmmm. To do 8o 1L wonld require & "
burat velocity far iigler tan may be achieved with prepellants known to this
Cantrsstor,
Booated Focl . 88, 4:« rockets considercd in this clsss wars alss sssueed
to e betwen 1.5 24 2.0 inon in afse. Eitter fin or spin stability codd be -
Wﬂmi&mumm;mmmwwwwmm
anﬁwmhmﬂm.

o

m“w,,,.....__".«

P

= e
Ao 0ty N,

'.'.,.
» - .
e

Spin stabLlity g gitminated 28 & poraibility 4n tha 1.5 inch aime ﬁi »
] Seotuse it would b8 vSr, georssult, 1f mot impossitie, to bave a warbead of the -
required F.B. content ;49 g0111 saintain & Lingth/dianeter ratic ewall snough
for proper stability, »
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Howsver, & spin-etabilized, se-inch, boosted rockel was considered as &
posuibility, It waa roasonsd that since the 2.75«ineh T«131 rociket weighed
$.2 pounds with 1.0 peund of explosive, it would be possibie to obtain a similer
2-ineh rosket for about 3.5 pounds with 0.5 pound of H.E. filler, However, the
burut veight would not te significantly higher thas that of tha 1l.S-inch recket,
and the sxterior ballisiice would thersfore be inferior, eince the baliistis
coatizient vould be lower by a Tactor of do/ds vhere &, is tie dismeter of the .
1.5-tnch and @, of the 2.0-iush recket. This assmes that the drag costfisieut ’
vould bs equal {a both coeez, The Cin-atabilized rocket would no doubt hawe & |
somvhat Righer drag conffisient becauss of fin resistance, o

Another reason for consifering the 1.5-inch rocket i3 thet less frontal .
ares wonld te required for launching tubes.

It wae decided that individual jsunching tubss would o prefarable to 3
avtomatic Jaunchers, sinoe it would be guite difficult to achieve the required
2iving rats with the latter. Moreowver, & finestabilised rocket is falrly long
and doos not require much move than double its own lergtit of travel in cxder to
sohisvs a musals velocity of approximately 1000 feat per sscond with an aversge
pressurs of 6000 pounds per square inch.

For mimplicity, it mey bs sssumed that & §.65-fool tubs is umed to obtain )
1000 fee’, par second mussie vslocity. With an awrsge pressure of 6000 pownds

A PR T P s

per squurs insh,
F*é@xi;'ﬂ'lﬂ,m m‘.‘ilfa- ’ »
Asmming the rocket weighe 3,25 pounda or has & mass of 0,10 slugs, ’

a«fa200 . 107,000 s6/50c

E&pﬁﬂ Ho. W"‘la?lﬁ 2*5




SO o

| For s traml of L.6§ faet, the tim, b, in the bure 8

s a}%ﬁ 00935 sacend

¥ = 307,000 X ,00935 « 1000 feet per sesond
That 1is, the swerage presoure of 6000 psi vould suffies to give approxinately
1000 faat per second murzle velooity.
The muimon prossure would be on the order of 10,000 pai.,
Asrondng an sverage pressure of LOD0 pei, the sverags wall thickness Por
70,000 pei yiaid point would be

8000 x 1.8 | ...
?’ x 5 wﬂi&m

m&mm&mmlm,ﬁmmwmwmusﬂm:m,
would weigh spproximataly 2.0 pounds,

Aspoing & Doceter prepellamt weight of 0.5 pownd and 1.5 for the rest of
the tubs aksexbly {end cap, primer; amd cther acosesories) thers would be a
Mm&ﬁ&.ﬂmmmmMWWuindmﬁ-
abls pode,

Assundng the rocket to weigh 3.5 pounds, the total weight would be

be0 + 3.5, or 7.5 pounds per round,
mmmwnmmaotmm\mmumsmuw
1500 pounds, whizh would lesve a comfortable margin of weight for pod mechanism
and structure.

A briel study indicateos that the time of Llight for the boosted reckes
would be approximately E.hwmmmmfutmﬂm. This is bmesd
mahgm!ﬁcim&dﬁ.ﬁﬁlﬁamumﬁmlmwﬁSﬁmfaatper
seaond, vhich is arrived at as followe:

2o Report No. 09«157«0
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MMl VELORINY .ecesasarcccccncrersen LOUD f26L pur second

PIATS SPBRE secevvivesnnnsnscranscases LH00 fest per sscond

Rocket assist ..ovivnvcirnircicnrcocns 2000 foet per second

TOAL civivavcncrnnsss SO0 fact par second
_ Brisl anslyals ind:‘.cnta;s that this configuration would be sspable of
mesting the kill probability requirsments. However, it is possible that the
drag coafticient of 0.50 is rather optimistic for s rocket of this sise; this

would infleenve ki)l protebility by incressing the time of flight.

Oun-Fired Projeetiles. The previcus recket anslysis indicates that a
projectils of approxizmately 1.5 inches dimmeter carrying O.40 pourd of H.E.
would tand to approath optimum conditions for meeting kill probabilitise wibtk
minioum total weight of installstion. This pointed to & IPm sise projectile,

In considering methods of firing at lsast 200 3Tmm projeotiles in 1.0
sacond, seversl apmroachas were considered besides the openechanber prinoiple.
Thase included the "seuirtegun® or Zattl principle of firing ssweral projectiles
et one ting out of & single charge contalner. The prinsiple of firirg longi-
tudinally stacied projectiles out of muléipls barrel installations was also
oonsidared,

The sonclucicn was rsached that the cpenschanber pringiple was more

appiisehle to this study than other principles as far as gune are conoernsd,

Report ¥o. 07-187-0 2wl
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SELTION 3
HESISH COSTDERATIONS COF OUW AND MUIUNTTION

Cmyactaristics

WM PRASF RS EFTHEPIECF IO REINEPEEFRE SIS BEBEF LA BR2BUAEPREF I TSI B REN m

Crarall LeREtE cicasnvecnrrircacerrrsncrscanancrsannnsansssa 7o Lnches
Overall Helpht ..ovvicscvnmsrovosncssvsscusunsonnoosssasscenes LG inches
Oversll Width (Without Drive} ...cievvesrsnscsnrsaccsnccass 125 inches
Nomber 6F BATTOIS cuuusecsscsionisscascoranorasssarcsansceasstosssenn B
OpeYation .uucessicsiercrosnsavssossuiscrcsenssnnassrves RabEImal Drive
Rate of FET® (. .civcencacavivsnnrasssansescoes 10,800 Rounds per Mimte
Total Welght (Including Drive) ...vsrieerssvessvaves 125 Founde {dpprox}
Total Walent (Without Drive)} viuiivecvessseccasaess 350 Founds {ipprox)
Muz2le Valotiiy .veivevcensrensusevasssessssssnnse 3,000 Foet rer Second
Maxcinmum Powder PIeSSUI® ..evenveecesesnosnsranvsnere 33,000 pat {Approx)
RALIING  civvensrssasvasvnrasess Urdform Tulst «e I Turn in 25 Cxlibers
Hocoll DISLANOE w.eevseassviccssnsessacasnarssosasnsssssrsesss UoB6 Inch
Recoal Lo c.vcveerssvcranisacorarsrvesennancvessss Under 15,000 Pourds

Ampation

w‘i@t Qf meﬁ*ﬂ& PEERENIE RN VS FEL S IR DR FHFRFEAEIRTI A VST TR 1‘35 PW
mﬁt Gf ?mf mw FECIRF T VS R AL D PINES ST ERE TR T EESENE QCM Paﬁ:‘g

Weight of Complote Pound (Including LInK) c.vsvververrosvers 2250 Pounds
maf ?mr [ E TR EERFFENRFEEAEEEEES AR E NN R R E X0 N 2 ] mbla E‘M ngﬁ@n
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General Descrintion

The ganersl configuratiens of the 3ITmm Open Chamber Oun and aseunition
ave shown ia Drawing Wo. 790319 and in Fipure 3-1, This pan is saipped with
four barrels attached to 3 retating drum by interrupted thresds or some otley

quick-locking means, The rotating drum has four longitudinal recerses - one
opposite each barrel., The nintionary breech, which provides z front and rear
baaying for the deum assenbly, foims a hsavy beam stracturs at the top amd

bottom. The beam structures (shown in Section A-A of Drawing No. 790219}, with
the longitudingl drum racesses, form the MMiing chambey.
Egsh Wre the drum and barrel assembly rotats epposiie the stationavy N

. :M‘ - l
R
A

E 1

o

“breech, thy emmunition is fired e}.eetneﬁ;i; With the combination of four

barrels and twoe firinp positions, e¢ight shots are fired at erch revolution of

.
[

i drum, :
4 buck plate, which is rigidly fastened to ths drum asaembly, supporte the a i’ |
eartridge case axially during firing. This plate carries a fiving pin opposits }
each recess Lhat makes & wiping contact a~ ihe firing position is reached., 4 B
fixed can, s ached to the brewch, forces the firing pin forwazd against the }z L |
eleotric priner at the proper time. Since the riring systen ig simple arnd of i
eorrentional dosign, it {s not shown on this drawany. Y
r 18 Tinkéd togeifer by collapsible ninps-like fiat atrips. e * L
There exe twe firing positions; therefore two belte syw fod transws.zely, cre -
iR
feport No. 09=187-D ’-
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. _m% thn top and one &b thw obiom. As 26%n o5 Ghe fired cace is uncovered during

sontinusus retation, it iz cojected redially by centeifugal fores and by two
_ajeclors; which are located at the bLottom of each of the longitudinal dyum
groaves st the front mﬁ rear of the case. The ejectors are actuated by fixad
cams locnted i the breech.

s zhoun, the cartridee case iz trianpular in ssetion. This zhape ro-
quives riudmom storage volume since two rounds may be stacked s¢ that the bases
of the trisvglies ave on opposite sides, thorely foming a trapesoidsd section.
Hsnce, theye would be practically no waste srace in & storage box,

The following equaticn exprecses the theoretical maximm number of rounds
2hat could be siored in & box:

Nwé.gﬁ

whare
N = nusber of rounds

A = erossessctional area of bax
b = width of base of trianmilar case
h = heicht of trianpular section
This nunber would be redrced somewhat by the cpace required for the linking

system and by the faet that the rourds have a modified triangular croas ssetion.

The drum and barrel aszesbly are rotated by an external power source,
Althoush the horsepower requir-ments for driving the sssembly are fairly high, , ;
they can eaiily be met by a compact, liphteweight, short-life gas turbine opsrate * t
ing st high speed, ‘The pases for turtine oferation could be furnished by car-~

tridgen, rocket motors, or some similar meana, UGun gas might alse be used to
gustain an initial rotation started by & snall power unit, & yeduction pear
would be used to cbtain the required rotational velocity of the gun.

3ol Ruport No. 09+1€7-D }
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Before firing, the gum 13 brought up to speed vithin s short period of
time (for exmple, 6.10 4 0,20 sscond), During this scoelerstion period, the
| asminition belts remain stationary. When firiug takes place, the firing cireuit :
: ., - is ensrpised; aimlmfsly a soleroid-operated pavl forces the firet round f

againat the yotating drum. As soon a8 & drum recess smppoars opposite tho first

P

m,mmaasmumrmnmrﬁs&mwwmamm %
| position. The yound does not have to enter the recess completely since a fixed ]
, g foeding cam, attached to the hreech, guides tiw round inte the recess as it ia _
' carried arcund by the drus.
| Since the belt links ave collapsed, only one rewd ot & time 43 accelersted 1
wideh procludes hipgh belt loads. Grooves are provided in the drum 8o that swmie i
nition links may pass through the pun without delinking, The collapsed links B
are analogous to the couplings of individual cars on a long freight train that '
are positionsd so that a locomotive may accelerate one car at a time. It is '
possible to conceive of a nunber of possidilities for cariridge case disposal.

Thay may be delinked afier firing by means of pulling out the hiage pins if it is
desired to disposs of them overbeard, or they may be conveyed back to the original

A storage space, -
Because the gwmnition belts remain at rest while thw gun is being accel~ ?
_"' erated, it is possible to fire one belt and keep the other in reserve. However, - »
'-' onts a balt is engaged, 1% must be fired out since it takes only 1.0 second to '
fire tiw 50 rounds,

y ;
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In order to dedamine the fearibility of usiag collapsible somundtion
1inks or Kinpes, and of feeding the first round vhen the pun has resched pruper
retatiom) welocity; & full-scale wooden mockop was mads of the gun and mymani-

tion telt {see Figares 3-2 throuph 3-8). The dnum and barrel assembly is rotated

by semns of the handerank. The first-round setuxtor simulates the solesnodid-
operetad mechanism of the sctual gun. The actuator strips, widch pass through
the dram 1ink sists, are fastened to0 & pulling handle at the opposits alde of
the gun.

¥alle the revolving parts are being accelarated by the handerank, the
collapsed ammunition belt remains stationsry. When these parts attain the
desived e, the feed sparator smaps the first-round sctustor handie, thwrebdy
sogaging the first reund and feeding the-wmtire beli, The springesteel fived feed
cans, showm in Mpure 3-5, gaide tMm}mammamimthdmnuma.
Tids wooden mockup pun has bsan successfully operated at 250 rpam which corress
pords t6 & fiving rate of 2000 rounds par minute.

Slov-motion films taken of the beli action demonstrate the action of the
collepsed links as well as the method of engsgement of the first round. Figure
3-5 showr the belt in the collapsed and the extended link positions, It is
bolisved that with Uw use of Tellonwcovered cartridge cases; tiw low cosffiociant
of friction of the sctual ampmrd tion will wermit successful fivet-round engages
mont at the rotational speeds reguired to mest tie design oblectives,
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T round fe ssoentislily compossd of the projestile assambly, cartridpe
vaoe sssenbly, prepellant, snd prirer. (Zee Drewing No. 750376.) The cariridps
cssa i tﬁiﬂﬁﬂl&?; bt may b6 semiecircular or keystorw-simped, Dotuiled
oralysis would be necosgeyy to detemine the optimum shaps for ¢ glven sst of
corditions. Tos alumivew cardridpe tasse sesemdly sonsists of thres principal
partsr the cuse, the front cap; and the rear oap. The case mey b¢ made of »
conthmous sxtivsion cut to length; the 1link ears being formed 43 the ortusion
procers and the undssired portions deing mschirsd off.

$he Zyroat cap hex & thin oblurating flange within the mein case and a
eriindricel aleeve to support sud properly imdex the pre-sngrsved projsutile,
he sletve hoa un insexing ridge or groove that snpages the roteting basnd aud
gligas it with the borvel rifilng. Thisz sigove alse has radisl exteénsions «b
tie mar for sxisl wertering, The year closthg cmp also hus an obtareting flsnges
and & support for the resr of the projectils of hemlspherieal shupe., In oxder
40 obtain satisfaciory ignition, a side went primer (as illustrated), loadsd
with a oudtabls gquantity of black powder is recomcended for this configursiion
in proforence o & ond vont Yyps.

The x4 voluws witn thw projestile in plece {8 17.0 tuble inches, which is
sufiivient, with & doublo-base powder coapcsition (such as M2) to give thw
yequirsd intarior wellisties, {(See Section &, *Intevior Ballisties%,)

A shotestert device (2 shoar pin, for exsmplo) may be vsed to hold thw
profestile in ploos daring W aarly stages of propallant ignition.
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Projestils. & detailed snalysis of the projectile is required to ascertain
whethey it can most the irmderior amd exterior ballistics requirements and whather
1% has the voiume to contain 0.4L0 pound MOX or H.B,

Sinoe the peanetry of the ssnmition indexes it automatically with respect
to the barzel rifling, pre-engraved rotatirg bands may be uaad. They may be
famed o part of the sholl body, or made as ssparats units and attached to the
body by welding, brasing, or some siailar process. In any event, no band score
is neoessary within the shell body., This condition is deoirsble becsuss it
Joaves ths wall intact and permity minizum il thickness and maxime explosive
volmme,

4 detailed study of the fuze has not been made. I is belleved however
thst & sutteble fuse could be designed that womic weigh 0.20 pound or less. The
fose should b2 not only ccapletaly bory safe and detonator safe, it it should

" have both 2 meane for self-destruction ard 2 ;u-amm delay to give pripey

Hghworder dotonation aftar pmetrating light or heavy targets. For kigh-angle
obliquity impact, it is believed that a cirvcumferential front sutting.edge,
ginilar to that of the North Anerican 1.5-inch Maka rocked, would bo deairable,

The projectiie, including ths retating bands, may be Teflon coated to
niniwiss bore {yletion. In order to mimimize gas leakage past the yoar rotating
band, a separate, thin, obturating ekipt is fastensd to the shell body jJust aft
of the tend, The skirt, which would be made of soft copper, would expend radielly
into the rifling.

.14 Report Mo, (9«187-0
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Fuss Cavity ® 785 x .75° « .50 » .22 cubde inck

Homent of Fure CEVEty = .07 X 5.5 = 1,245 inchest

"o NHot Bxploaive Volume = 5.13k « 220 = 5,895 cuble inches
Yot EBsplosiva Mowsnt = 17.205 - 1.2k8 = 15,960 inchesh

G Buplosive = }-glggg = 2,70 inckes from base

Assuzing HMOX has spevific grevity of 2,
Deoxsity = 72 pound per cuble ingh.
fense, widght of explosive = 5,894 x 072 = 1123 pound {MOX)
1% 4¢ zssumed that the fuse weighs .20 pound and 1ts €0 45 &.1F inches

from the bese of the projectile.

TAMLE 3ol
WEIGHT AND GG OF PROJECTILE
Ry Woight -« b Noment irm - o,  Momsu == Ib In.
gholl Bely 70 ~ 288 2,059
Beploeive Filler 423 .*?af;ﬁ Loiks
Pase 800 6.18 1.2
Toial 1,343 h.b2s

ma%%-a.sam from hase of shell,
Runos, it mey be sean thed L0 pound of WX, or IBX, is a ressonable
sgsauption for the explosive filler.
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Shwss Anaivmis of 8hell Body, Tt isx now aecessary {0 check the weakest

point in the projectils againsd exosssive strass on sot-back,

The Zollowing is sxtracted from BRL Tochnissl Note 771, Appemdix IIX
Strese inalyeis Caloulationss

ye[@ePe.mr-m.af®
¢ = Rasultant (clastic) stress

[

X, Y, and Z ave the three principsl siresses at a point
Tensile ctresses are poaitive, cospressive stresses ars negatiwe,
Considering thw zhell wall aft of the rear rotating band, X, ¥, and 2

We the axial, circuxferantial;, and radiczl stresass sa, 3{.‘.’ and sk, reapsstively.
Wt is, A= s‘

o
&
g ‘

4

|

g

Y-8, |
=8 o
v I
3
-
5, = —%- poi
- (55‘:-)3 ;-
r'i[z " (;1;)2]- zp
36 - X pei

(=]
'
g,
o
"
~-

' .
8= =Pyt ()P ped
[
P = gas pressure = 38,000 (approx) ped .ﬁ

Ro = irmer radins of section = ,62 ineh
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R‘l u guter radios of section = . 3 Inch
¥ = wnight of shell = 1.5 pounds
St'z weight of {iller = L0 pound
Isaw:lgbt of steel shwll + fuse = 60 + .20 » 80 pound
shead of ssotion being considered

"3&,@ x

S x=3, = "'"“‘&'T‘" = -30,500 pat

zn%’“g’mxﬁ%‘fg)zg“}.égmm
Prox Eguation (h) of BRL 771,
Fad@-Dez@-1-9

whare the barred sysbols are the unbarred cnés divided by £, which is the yield

? "
i
i
]
1
H
s

, Tw T’%:% = « 485

% o ~175.000

=1.0
) o w _ »16,000 -
Fom g (-es 4 2.0 4§ [-2x 091) + .18 + 2,02

- .1” * ih29 " 0626
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LOREENTS
vo= .
v® .92 % 175,000 = 135,000 pai coubined effective stress.
Although this figare is somewhat high 1t 1a in the resln of feamibility.
& dotadled dosign study would undoubindly improve this condition.

Homant of Inertis. In order to detarmine the gyrvacupls stability of the

projectils fn flight, 1t is necsasary to obiain the auial end the transvrerse
momante of inertis. (See Sestion S, *"Rxterior Baliistice®.)

Axsa)
1. Shell Hamigphers
11 ‘%'1!2 = 33 x 0086 x .682 = .5131 b uoz
2. Swli Cylinder
1,3 0% = 25 x 33 x 1.35% = 197 b a2
3. Swll Ogive {Pquivalent Cone) _
1, . gyl =3z 195 x 682 » 027 1 n,2
ho Puse
1,‘3%6'&,2 . 3x 20z aSOz - .01513 h.z
5. Explosive, Reaisphére
I xfwele 202 059 63% = L0047 1 4n,2
6. Zxplosive, Cylinder
V4
Wb 2 2
16."*"5"‘" 3R X 1B x 0125* -m 1t in.
7. Rxplosive, Ogive {Eqdvalant Cone)

Report No. 0F~157-u
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W |

fotal A+ al Mowsnt of Inersis = EI = 3257 b in.”
| ' i-7

o~

Irsaeverse Moment of Tnertis sbout €0
1. Swll Healsphere B = distance of ssatroid o L3 of shell

. L)
L

®, w1, WS w010 + 086 x 2.57 = L5832 1b 4n.?

2. Swil Cylinder

. fweni

P

%
rzaé{mzq-:?} 4-'25%

bowed  dowed

= :%3- (5 4 ,éﬁz o+ 3.&22) + -h33 b 4 1862 kd cw i hcz
3. Bwll Opive (Boutwalsnt Lone) -

» 2
Tst—é(rz'&%}-l-‘l’l%

;nw‘-ll

2
= 22.3% (6% ¢ 320) 4 1105 x 20967 = 4826 1 a2

h- Fora q
| hy;%(z&é}ét'fvﬁ | |
% r W~ _—
= 2520 (50?4 3‘-'-,?55) + .20 x 2,85% = 1.6 b ta.? e
S. Explosive,Homisphers _—
1
Tg = I+ WE = L00kT + 059 x 2.57 = 347 Wb 4a.? o
i
2w, Eadys o .
5" Y ey N
2 3.4 2 IR
= 02 -+ 205 4 56) = 565 1 1, S
e
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Fo Bapiosive, Ogive {(Bguivaisnt Coda)
k- 2 3
- 2 2
T, -gtr -:s&s)-rr?u?
3 x g 2.00% , 2 )
= {W‘T}"tmxzﬂﬁ?ﬁ m.gw?lbm*

Tota) Transverse Nowsnt of Inersts sheut 1#1]
*n glr? % 4. 7211 1b in.2

In Sectdon 5, "Exterior Ballistics®, 1% is shomm thet with the paramsters detape
mined previcusly -- rate of spin, moments of inertis, loomtien of centar of
gravity, dte. «» thh projectile is stable st ses lavel,

Complste Round Waight

Caztridys Cass.

i. Body Ares = Average thickness times perimstar

Oross-sectional ares of wetal = 05 x 7.5 » .37 sq in.

Volmmw g o375 x 8.75 = 3,27 cibic inchen

ILink ears » 10 x 2 = ,20 ;;bic inch
2. Prout Omp

Front closing section = 2.7 x 2.5 x .50 x .18 » +00 oubls inot
Cylinder = .785 (1.7° ~ 1.5%) x 3.0 ® 1,53 eubic inches

Cylinder Supporis = .50 x 12 x .75 x 3 = 155 suble inch ?
3. Zaar Cap

®2.7x2.5x 50 x 30w 1,01 cuble inches
Priser = 785 (.68% - .50%) x 2 = .33 cubde toen e
PFrojectile Support ® .20 cublie ineh
Totsl = 6,28 cubic inches = ,428 peund.
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_ Hinges » 3.0 x 062 2.7 v 2 = .13 conis inchas e
& | +33 % .10 33 peund por veund
 , Total weight per round o
Case iasembly = 628 &
"' Ringe = 033 %
] Projsctile = 1,350
2,471 pownds

It mdy be susumed that 2.50 pounds per wound is sutficisntly close.

Stress Asslyais of Oun _

Althoagh » detailed stress analysis of the gun is not within the woope Ry
xmtw,ituﬁm%wMﬁ&Wmiwmsefmm- o
rel. It is also importunt to study the critical sectiens of ths drum and breseh
i order to deteraine approxiaste weights and powsr requiresents. .

- -
-

Sarval. T following barvel anslysis is based on the method cutlined .

é‘l

8: » Resultant stress st inner suwrfiace ~= pai

l*zﬂznuwrmm“m

Yy
nu;—mwmﬁm
1

L

. ow

T
Coa RN
SR R

w B o] PR

rg » Outer radius of tude w« ‘nchas
"'}. % Radive of bore -~ Lnches

322 Eeport Yo, 09=-187-D

 GONFIDENTIAL

B — eI T L e g

BEY e ey ek

'.'.'-‘a,l .
- ', DL
-




B
-4l

3 ﬁﬁiﬁif‘{gﬁ

'2A385E bk mes B

of 130,000 pai i taken for the 30mm T-1868 gun barmel. This factor is used to
compensate for loss of pgun material strength at elevaled femperziures and o
allow for stress conventrations in discontimicos surfacen, such as barrel locks
and interrupted threads,
Since it is belleved that the major pertion of the barvel wall will not
“have time to resch s high tempersture witis fMying, & factor of safely of 1.2 is
falt to be sple. The yleld strength of 130,000 ped may be raized considerably
by cold vorking or by auto-Proiiaye methods, as well as by improved materials
and hest treatment, Hence;

3&2‘ = 130,000 psi

B= 1.2F pat

P is the unit powdar pressure in the bore &t any position of ihe projsectils.
For P ses Sactien L, "Interior Ballistica®,

= <9 inch = bore radina,

7 1
F 3 ﬁmizsﬂ
A2 +31

Collevting terass
(2 -3t - 2%+ w¥ -y mo,
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TBIE 3.2
BARAEYL STRESS ANALYSIS

2 ;
Station Distinos from P« IB/In, P,o=1.2P 1, OO0
Rear - Ioshes {Prom Sen. 4) 3 Aw %1 n

1 3.9 37,800 18,500 2.86

2 12.10 X, 00 35,900 3.52 ‘ B

3 18.10 26,300 31,500 La ,

& 26.95 22,000 26,500 L.50

H 38.20 17,900 21,500 8,04 .

s X 1k, 500 12,00 7.6 - b

? 56,83 11,500 1h, 300 $.08 L
TABLE 33 -

- e e

BARREL STHESS ANALYSIS {CONT'D)

Staticn & I 22 wd  pelayatyy @

1 286 8.8  66.91 16.3 267.64 W6 2.6
2 352 1239 1535 %8 614,00 W26 2,08
3 ka2 16,97 2819 339 1,181.6 891 .7 ,
b WSO .01 $%.5  LB.0Z 2,36, 1,98 1.60 é
5 6.7k 3648 1330.8 9% 5,323.2 i, 750 L.Aiks
& T4 55,65 096.9 111.30 12,3878 11,500 1.3%
¥ 94 8245 6198,0 154,90 21,192, 25,950 1.26
[
) »
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BANRRL AUALTSIS {OOMCLUDED)
Station Diatusos from ¥ r Tall Thick- {0 == Inches
Raar--Tnchen 1ofwe _resee-Inches Thscreticsl hetmal
i .x 162 1.05 b 243 2.50
2 12,30 143 .0W 323 2.3h 2.2k
3 5o 1.3 1.005 +256 z.01 2.0%
& 26.9% 1.265 Shs 2196 1.89 1.5
[ 38,20 1.20 <00 151 1.80 1.9
& b7.70 1.6 A68 219 1.7 LSO
L 55.83 .12 St L9 1.68 1.9 b :

Itwhmmwmwmmmmmwwm
computed atrength requiremsnts in order to provide bearing surfaces sud greatsr »
stiffens. |

Ium and Breach, ﬁw}?ﬁwmmth‘mw _
of the dros and bresch Tespectively, | .

Tn the case of the drum paréicularly, the stresses sppear vether High, |
This sonditisn can be improved in sctual design by providing & larger rediue at ,
the bottom of the recess 2o that the voluwse of the case would remain the sume P
tut the critical section of the drum weuld be increased aince the rwoess would |
be shallower. §

Az an sxawple, if the critiecal ssotion of the drum wers 0 be innrsassd
1o 3.5 inches by making the recess 0.2% inch shallowsr, the following would be

S RVRRE -
- *-w.vmwmu-wwr s 09 am

¢
the spproximate streses
L
FEA
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Figure 3-8, Stress Analysis, Breech
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s g
5, ® (o iiEme,0e) 102,000 pei

(3.5)° .
£, = Qﬁﬁgﬁfgm 20, 20,500 pel )
Total stress = 122,500 pal.

This i3 only cms of nay possidbilities that might bo explored 40 improve
styess conditions,

Tie breech stress of 127,800 psi may also be improved by wedasign of the
egttisel ssotisn, Por example, neking iop flsage (37 {ome section shosm in 3 i
Tgure 38 3 inch thicker would decresse the stress coimidsrably, yet add enly } o
wproxinately 4.7 pounds to the oversll weight. Tho total area, A, of the - i
saction veuld bs {ncreased by 0.&0 square inch. I ? : %

The mement of inartia, I, would incrosss to 20.&% imchesh. Hence, 1 ;

£, = 90,000 pet. I
£, = 14,800 psi . | ﬂé’j ] ﬁ;
Total stress = 10L,800 pst, - 4

Thecs astxess figures wre presvnted only for the purpose of showing that
the basic deeipgns is reasonable. Future design work should take ints sccount

| S

H
Wi S omony |
WP AT TR B

allowable endurance stress lavels for 2 predetemined 1ife s well as plastic
reddstyibetion which tends to lover siresses.

‘&'aisat inal-<dn and Homout of Irertis of ?@uﬁ@m

J8~ral. Thy berrel is conpidered a3 beling meda up of four dametrel
ssotionss

228 Hepors ¥e, [F«187p
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Sestion  (O~--Ipzle langih--Inches MNet Avex of Volum -
Saction »- Cuble Inches

Squere Inches
1 2.5 .00 J.am 15.9
2 K M 1?..@0 3.0'ﬂ 35'3
23 tn 2.0 1u.
hve = 2,2
boL 30.83 .43 2
Total .05
: Woight of berrel = 91,05 x .283 = 25,7 pounds, P
U or 26.0 pounds i round figures.
S Waight of four terrels = 26 x ik » 204 pounds.
| S
I, (omn s} * 8 (ﬁl + 05 ne 2.2 In. Aversge L
e ﬂz = 1.5 In. 7 _
2 (0 & 2.25) e
2 .
Tixxin of rotation) ™ 3o * W T = 2,95 In, |
'91.5*19&!2.952'995-51318-2
Drum Assembly. The drum assembly is' considered as being made wp of  *
K seven positive volumes and four negative volumes (heles, yesoeames, oto,). "The : . ,
_ following tatuler form simplifies the (ulms and movent of inextla computations, §
i u ,
. 1
| Renort K. .° 137. 329 %
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Hot Srum Yoluse = Tihl.i
-~ 335,06 ,
379.1 oubie inchea
Nt Drus Assembly ¥oight = 379.1 x 283 = 107.5 pounde
Net I = S808,2
- 3335‘5

2770.1 inches® x .263 = S b im.o

Bareel Drive Support. This unit is anslogous to the front barrel support
ssction of the drum, thereforve we add sections 2, 3, and 5 of Teble 3-6 and sub-
traet seotion 9 of Tehls 3.7, Henee,

VYolume of Drive Suppoers = 128 + 20.5 + 8,7 - 98

x §9.2 cubie inches
T 1256 + 22,9 4 24,3 ~ 930 = 370.2 inches®
= 308 Ib 4n.°
Total Weight Botating Parts,
- Burrele -~ 10h.0 pounds

Dros Assembly -- 107.5 pounds
Drivo Support --_ 36,8 pounds
Total 228.3 pounds
Total lomsnt of Inertia of Rotating Purts.
Barrels = $95.5 1b 1a,°

Pesn Agpembly -- 5.0 15 in.
frive Suppert - _105.0 ib in,
Toted 1585,5 In in.

or ﬁi'%-%ﬁém * 076 slug 257

Thess figures are used in a subsuquent power requirement analgsie,

[ S |

"
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T *v*.&. * eiﬁ r:miﬁﬂ*ﬁﬁ aa being AM&& @y of srysn grpilions &8
fﬂlﬁt#
ThOIR 3-8
DREESH TOLE
Section  Dosmeription mmgm o= Toches Tolune - WS )
1 Rusiyw Wh O 0D 2 ﬁaﬁ Px 3.5 long e?ﬁﬁ%ﬁg - 2?) z 3.5
m w 2503
2 out Dram 10,7 CB x 9.02 D x 3.5 leng .785(10,75° - 9%) x 3.8
Bearing = 93.5
3 Vertieal 30,85 Tu.% x 1.0 thick 30,85 % 1.0 x 2
%m ’ » &l?
Flange (2}
% Taner Yiange & wids x 1.2 thick hxl2al3xg
5 Outer Pangs 2.5 wide x .75 thiek 2hx.B5x0x2
(2 x 20 long - = 72,0
& Toar Brace 2.8 high x T'vids 2.52l.x .52k
Yirnge (&) 4 25 chiek = 1.5
Pront Braécs 1l.k dis x .6 Whick Jlbx Dhxbx.9x2
i Range (20 5 .5 wide » 33,5

Total Broeck Yoluws » 525 cuddg inchas
Polal Breech Welght = 425 x 283 = 120 pounds

Barrels - 104.0
Drus Asssably =« 10T.5 ‘
b Drive Support -~ 146.8
Breech --_120.0
i Sotald 48,3 without pemsr plant

gaport ¥o. O7wll/=p 3=33
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COHFE.... .

It has been sstimated that & sbori-lire, high-opoud, gae turbino ples ten
wetoseary cartridger or rocket wotor zas gomerators would welgh beiwees 50 and
75 pounds., Homos the total welight with drive iss

348.3 + 75 = 423.3, or, e~y 425 pounds,

Power Bamuiremant inxdlysis

Mﬁs rotating parts are Yrought up to spend bafors fiving socurs, Uw
najor consideration is the friction force developed Yy the cartridpe ocass sliding
spxdnat the byeech during fiving. v

A reternt developmant of Teflon-coxted surfauces shows pgreat proaice in
furmtshing low dynemdc friotion cosfftcients. Refarenss @ cutlines some of the
work dome in this fisld., A furider reduction in the friction occefficient will
probalily be obteined st the fairly high sliding velooities {approxinately 3000
fest por nizute) esocuntered at the bywechesaviridge interface. PRaference ¢
shows thxt wsder digh uedt Joads and Mgh slijing velovities, the coeffictent of
friction 48 zoduted considaradiy for practioally all 20144 f£ila lubricants, . l
though Snsufficient work has doen done with Tefion to prediot sccurstaly the

: . . <
w o~ -cmwwnr.-‘\.w .

000 Sftolent of fristion at the pressures sxd velocities comsidered, best swii 1.

mates indicate that it would be 0.01 to 0.02, A coefficient of 0.02 i# asmumed o
o7 thase caleulaticiis. o E,
Firet, it {3 neoessary to sstablish the aversge presmize during the firing _ ;§

interesl. Tis iy done by using the imterior ballistic charscteristics discussed -
in Seetion 4. The averege presmmw s cbtained by dividing the sux of the wdd " Yy
impulse increments impartsd ¢ the projectile by the total time in the borw. o
’

it Report Neo 09~387-D 1
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"rat e tn-%mm%;
M@ = 10,650 88 9,360
Rul,t 25,000 %39 .0 7,300
: »3,m0 .21 6,880
280 £ 1,500 & 56,30 3 7,000
W = 3400 .19 7,100
m = 35650 .19 8,760
DMV Wuspsw 2 g

+ 26,300 ~
%—-‘.‘_ @’% ’2; ?’m .
26,300 + 22,100 L
TSm0 2 7,000 o

®ar

22,300 4
2200 $31900 » 55, 000 36 000

Prd

%&M*ﬂz RN E L g s o o vl e B s




= 18.9 squars inches
Assoming & cosfficient of friction of 0.02; the awrags forzs sgainst
the tresch during firing iss
Fow 22,300 x 18.9 % 02 = 800 pounds
Ths braking torque on & four-fach radius im:
ia = 8Lo0 x % = 2800 pound~fast per sintion
It way be ssvosed that the direction of vifling is chosen so that the
tergus resction will sssist *hy soesament of ths rotating parts,
e totsl sverages lurce agaimat the projectiis fat
Yw 32,80 x 1,728 = 38,500 pounds

the Jandy is ¥ tan €, whwre & is the angls of the dewelopod rifling.

m‘l% -~

Foros wnt-&%-ﬁd‘g'is&%pm

Henos the torque recotion due to rifling is:

!,r = 4,860 x 1.,2;11 {Ave dis of bmz

‘:‘rﬁéﬂﬁpnmd-ftﬁ
ﬁtt%amtammi’-rf-rfr

or T w2000 - 00 = 2200 pound feet per station
or T = Li00 pound-fest wits two stations firing,
338 Report ¥o. 09-187-D

Stuse the rifling is one turn in 25 calidery, the forcs component soting sgainad -
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Srogrdoyr v vire IB0 founiz pEP SOOOGE, Ve guB Tevelves
%@i £2.5 revolztions per ssoond
sinece there are sight shots per revelution with both stations fivizg, snd the
crerdge rotationsl weloglity is
22,5 x 2x » 143 redians per second,
The complets gun oyelic time is %‘aa 1111 second, The decslerstion
poriod t; = 0036k second (from Sectlom L}, Hence the accelerstion peried _
t, ® 01131 - 00384 b
= 00%S second,
I;m&orimmarmﬁwmﬂ&ﬁﬁﬂm-ma _ |
Ist a, = decalerstion during firing oycle b
téﬁmm&ﬂw time during firing oycls =
ﬁi = guewleration during idling cycls L
&, = scceleration tim during idiing eyels A

mqaues s

T, = torque input of paper unit
‘!’d*aﬁ%brﬂdﬁg terque during fiving
k¢ 4 - - velocity before firing
@y = volocity aftsr firing,
sverage walocity during firing cycle and idling eyels muat be the sams 0
ssintain & constant aversge apesd of rotation; that is, _
PMring Cyels  Idldmy Cyele o

::vvw..-«

Mt W“‘if"%d& at the end of the firdng cycla .. . .
ﬁ-qglu-g‘a‘w{ﬁut&ﬁd}ét‘c‘atmm&!miﬂMcﬁh

»
.4
b
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fisnce in teres of @ the squation beccoms

o Tl @; - g&fﬁ{ - ﬁ - ﬁﬁ%};' t“j.r - 40 * 45,

Tolilsciiag teres:

03 " 4% -
o foss in wvaiocity = Oain in veloosdty. -
He T, = oo, b, = JOU35h, 8, = JOONS "j A
zm 4 }
L035% % {M - fa}
Henos loss in welocity = tﬁiﬁ R -y . -
t d ? |
2ua P
“g - [ -~
JLOhS T, ) ;! b
Gair in veloeity = £.5, & magmas ' -
- e
or LOSEL(LEOC - 1) L0OHS T, il
1 * 4 ~
.
7, = k0 pound-fest, 4o
_ . 2
Gkl yomn 4n velootty = 22230 - WD) o 94,3 rectane/second i

t - .A-I tw
e i £ G RS AT TN AL S0 4

Suin in velocity = %@i = 26,3 radisna/sscond

T .
ﬂ?h@mtngﬁxn {rad/enc} t%ﬁ’? -
w 3565 BP
i powsr requiressnt would, of course, be reducsd considersbiy with &
Jowsr coafiicient of Friction or & one etrtion wis [iped 3t & tiss, rather than »
tes simcltsnecusly.

330 Ravort No. 09~187-D
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An aven grester reduction of ower e peguirewmsnt may be snticipated LU 8

sadfeconsoming csse 1z doveloped, in which cuse the friciion ares would be reduced
o & nindoum. Prepssr obtureting ssens wald heve to be developsd,

Zaating of Baryels sowl Cogkeef?

Coskmoff, Witk this wespon condipuration, thers iz no danger of sook-off
aincx there is never & rowd in ﬁﬂmmimmm% gun has stopped MQ

The darger of dalayed igrition or hang-fives is mininised by the fuct that
the round is unconfined onte the bresch position is passed. Therefore, e
propellant, umable Yo Lu.r under oressure, would sisply yupiure the sartridgs
case. Racent experience with Iirm ammurdtion indlostes that mijor damage dose
aot result wdsr these conditions.

Barmol Cocling. It is belioved that since firing tskes place so wapidly,
thwze will be no tdme for heat tramsder to the axtarior of the berrel. Referencs
xe® comtaing a grest csal of exporimental date to bear thls cut, particulerly in
Ssctione 5.5, "Rates of Heating Under Hapid Fize®, and 27.3, "Bre-Engrxving of
Profsotilers,

If nacessary, sdditional cooling may be provided Yy using special carw
Lyidpes contalvdng chmicsl cooling spenta, Loamatad at intervals in the amaunie~
tion telt, the spesdal cartridpes wvould be fived in the z2ams way &8 an oxdinary
round, .o swedlisry prizer or charge would Hlow the cooclant through the basrel.

Recoil Analysis

To datermire the energy of free reecil and otlwr parametors, ses Seeti~n i,
#¥nterior Ballistica®., For thds purpose, the velocity of frees rwcoil will be
considaryed whila the prodettile 10 in the bhore.

faport ¥o. 09-182-D
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B B4 3¢
: %?! = velocity of fres recoil of resciliag parts -« fast per sscond o
_ ‘ R = weight of projsotile -« pounds = 1,35 ,’_:“_j
* £ = weight of cherges «» pounds = 4§ *
* = waight of recoiling parts -~ pounds = 375 :,
¥ » valocity of prejectile at any time ¢ in the bors
X = peasil distancs in fest P
t LE ™ Vpiivey © At for any interval ’z h
; e snargy of free mﬂﬁrﬁggﬁrwtam }
TAPIR 330 |
RECOIL DISTANCE AXD E, -
SRS Ateeld VifSes T, Vo 83107 x107) vz 5 >
___ ) S8 A8 e 1.1k STTT 502 S02 1.3 7.56
g Ly .9 81 340 227 L8 652 n5 6N
g 1.77 i?& 1356 5:66 z‘oﬁl 1;?3 3#3& 32 & 1%#@
218 Mio 1% 795 S82 2.8 6,182 635 IW.0 ¥
243 .28 2160 9.0 452 23k B2 828 kMo i
| 2.72 29 2h30 10.2 9.65 2.8 1122 b 60%.0 e
. b5 LI 27% 1.6 W5 L8 15802 1m0 WAL $
: 34‘25 si?s 3390 1212 ﬁa? 3&2? ﬂn@?ﬁ S}J%G @'&e@ ey ?
, 3662 ST 000 12,6 124 2469 2.2 159.0  9I5.0 4
v / Azwuming & vacoll apring having an irdtial compression of % ot 2 ; :
; apring senstant K of the system, the total cuitgy shesorbed 4si e
X !
?‘QI + * 12 {
i
&
310 fuport Ho. 09-1287-D 3
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wiere ’b = ngmxsn, £ = pounds/ oby X = feat of recoll.
fence, the remaining eansrgy at any instant

-H’

Eeg, - (rr+ 1))
At the exd ol recoil reae muet aqual sero,

With an in{tisl Joad of 10,000 pounds = ¥ and X = 80,000 pounda/leot,
an spproximete reccil of C.071 foot would be sufficient o sbsord ihe energy
of [res reccily ‘

r.x + § 1% « 20,000 x .0m8 + 10,000 x .0728°
s 8 4 207 = 925 foot poutds
The ‘otsl recoil losd would te
10,000 + S600 = 15,600 pounds with .86 inch reecil.

This figure wovld sctuglly be less than 15,000, evea without considering the use

of mustls Lrakes, becsuse of factors lile-friction which would bring the snergy

of free reccil well under 925 foot-pounds,

It i worth while to consider the use of muzzle brakes, which would
reduce recoil losds appreciably.

It nay be noted that the momentum of only one shot is uzed in considsring
reccil because it is intendsd to utilize the principle of the Navy 20mm Mk 1) gun
whare one shot is [ired initially and two shots are fired just as the gun ia in
fu11 countarrecsil position. Thus the eneygy of countsrveccil is balanced by

the energy of recoil of ore shet, resulting in a net recoil energy of ons shot
onlye
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Springfield Armory Report, "Stress Dstrilution in Oun Barrels. OStresses
snd Strains in Tabes Under Externel and Imberrsl Pressurve®, by X, W. Maier,
Oun, &uto. Cal 60 T-130

Frojset No, T53-30LT, SA-TR-1-7000,

Report No. 23 on T-148 Qun. USMC Contract DA~19-020-Ord~LEZ,

Report C-3270-441/52, Bulrd Project No. L61210, *Peflon Coabings on 20ms
Oun Parts®, 1k October 1952,

HACA Technical Nots 1578, "Friction of Soiid Films on Steel st High S1id.
ing Velocition®,

Bsport of WDRC,; Div. 1, Yolume 1, "Hypsrwelocity Ouns and the Control of
fan Rrosion®, N

42 Report No, 09<147.n
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| SECTION b
INTERTOR BALLISTICS

Diseussian
The complste interisy beilistie sslution for the 37am gun - based on the
=atinds Jiscusred in NDRG Report A-3L8 {Refererce 1), *Mumericsl Methods of Soluw

tion of the Ordinary Problems of Interior Ballistics® -~ i5 outlined in this

™he following differencas in fixed paranebers wsre assumed in this case:

The factor of 1.0k, used in comnection with mt (modified mass of proe
Jsctils), was changed to 1.02 becsuse the former {ipure assumes LT of
the total energy losi In friction, whereas {t is believed that 2%

uould be &2 more redsconable fipure inasmuch as pre-engraved rotating

bands and teflonwcosted projectiles would be us~d, HRefsrence 23

indicates the probablility of-desreased frictional losses, with ¥
{non=tygrozcopic) powders in s lubricated bore at full chargs. Hence
1.02 (m+ C)
3

{Formula 9, page L of Ref. 1)
32.17

Although pre-enpraved rotating bands are used, it has been assumed
that the starting conditions f{or burning the powder are the same as .
Vhose with conventional nrojectiles; that is, 30’ which is the fraction
of the powder burned at the start of motion, iz taken to be 0,01,
because a shot-start device will be used to cbizin unilorm ipnition
and Lo prevent debulleting. Referenca 1 {pape S) notes that there i3
vory little starting precsure with pre-sngraved proisstiles, Henee,

33 wonld be squal to zero i ne shot-start device were to be used,

il
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3 The powdey cheten; FiHH<YE; 4 of devbis-bame comosition with 1 eonsdand

burning surface. This composition is preferable to the single-bnse
PRNY] because 1t har 2 Dipher impotun factor, F, eo that o cartrides
ckse of sanller volume ix reguired to obtain a given muszle velocity
within 3 specified mazimmm pressure, This reduction in caze volume
is partisularly adventageous in the open chamber desipgnh since it
resilts in vredused banding moments, smallar friction xreas, ete. It
is belteved that the much higher Ilame tewperature of the M2 powder
woiuld not be a prest detrimest since the duration of Firiny (1.0
second) would bs too short to overheat the entire barrel, Reference
2% ztatess *It takes & matter of seconds for any consideranle part
of & palse of haat received at the bore surface to make it: appearsnce
at the mter aurfsce.®

The ballirtic results are believed te be conservative with the apeni-
fied powder chirge welght of 0.16 pound Lecause after a few rounds
arg fired, the interior surface of the barrel would be &t 2 high teme
perature, vhich would result in the transfer ol leas heat from the
powder gases to the barrel wall. Hence ;, ;hich is taken as 1. X
in Reference 1, would be lower. This parameter is the pseudoratic of

aspscific heats that is corrected for heat loss.

The muzzle presoure of 11,900 psi, while seemingly hipgh, i3 actually

advantagsous 1if & mozzle brake {» going %0 be usad to reduce trunnion

resction.

The following calculations are for preliminary desipgn purposes only. They

were, thevelore, carried through at olide rule precision,

RGNN Hﬂa 09"‘187-3
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231 of the [followlng porasaters, sysbols, and sguations are those uaed
in KORC Report A-3L8 (ATT 2u8k7).

List of Syshols

St Unie Hsaning
[ 3 Sonre lnches Croas-2sotional arez of bore
& Cubie inches par pound ) -%
! o - 2,399 x 16§
) B {in./n0s) ilb;in.z} Burning constant
¢ Pounds Tesght of powder charge
4 Faot-pounds per pound Inpetus of the powder
4 — Praction of the wsb unburned st sy
. instant
é i‘ﬁ - ‘ Fraction of the web unbu.ned at ihe
l _ ——" start of msotion
Iy Ips Iy - Tatulated functions used in cospute
R ing tise
35 e Fraction of p¢ ler burned st the
. - start of motion
W L Inches Totsl trsvel of projectile :
e 1, Inches Travel up to any point %
¥ Poureds Weight of projectile
‘- at Siug Nodified mans of projectils
- [=1.02 (u+ c/3)/32.17] : -
o ¥ Pounds Waipht of powdsr burnsd up o Any B
inatant
P Founds per square inch Space-avaragad pressure behind
projeciile
-y ‘ .
Report No, 0%-1b7-D L3
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Tounds per souars inech
foumcds per squive inch
Founds per squars iach
Pourgie per square inch

Fovrels per squars inch

ﬁx
°!

Seconds
Saconds

Fent per second

Fast pep second
Cubie inches
Inches

Inches

Inches

¥aaming
Praznure 2% corpletion of burning
Pressure function [= &% p)

PFre~sure fonetion at completion of
burning {= «° B, ]

Uaximm pressure function .= &° P,

Farsmoter depending on starting
Prasmrs

Tenperature of powder gas

Aiststic fiame tompersture of
powday gos

Tise of any inatant in the sotion
of projecilile

Tines from start of motion until

_._hewder is all burned

Puranster depeniing on ¥

Velocity of projoctils at any
insiant

Murzle veioeity
Volume of powdar chasber
Web thicknsas of powder grain

Effestive distunce behind projectiils

Effective langih of powder chazber

(= v /2]

Radacod travel. Ratic of volume
bahind projectils to chaaber
volune

Bapard Ho, 09-187-D
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- Reduned travel to whers powder iy
. Reduced tesvel to murzzls, Hatio of
WAL volums of gun %o chauher
: voiume
- %o S/fi * 2, fizb
/0 - 40
- Peramster, reduced veloeity for the
iz:teml of burning
o Value of 2 at instant powdsy ia xil
buened, oslled burning funotion
~— ?ﬂmﬁ;?Zat&imarmmmﬁ
sure
e Parematar depending on density of
logding
- R Velocity funotion
- Ratio of spesific haats
P Pesudorstio of specific hests oope
rected for hest loss
[taken to be 1.3
Grast/oubio sentimmtar Deneity ¢ loading
[= 27.680/% ]
Pounds per cubic ineh  Denelty of loading [« o, ]
cubio inches per pound Covolume of powdsr gas
- Travel function [= eﬁJ{!ﬂﬁm %3
- ' Travel funciten evsluated o where
_ powier {0 all burned
N : LA - Travel function at shet sjectisn
‘: 7 W He. UP-(H7.D 4~3

o



# Pouidle per oopke ineh Density of solid powder
* s Density of losding funmction
[= sts/a, - 1/p)2]

 Eutinnte {8 page 1k, A.283
Corietan te

Bore » Jhm {1457 inches)

T I7.00 omde inches {chmmber volune)

L w 63.13 inches {total projectile travel)

A » 1,728 aqusre inches {(ares of bore)

xd&é = 42

et
.

P % 385,000 foot-pounds per pound {impetus)
n ® 26,95 cublc inches per pound

%lﬁ.?&e@icimmm _ }
& 30,17 ¢udie inches per pound ]
a® = 0,635

!‘a w 3580° X (adisbatic flsme tanpers ture )

k#3135 pounds (projestils weight)

L= 0,7 grome psr cublc contimater (douaity of losding}

= .46 pound imam} -
?ﬁ = 37,800 pounds per squsre inch {maximus allowed preseure §

I
Loadin: Comstants I ‘

i

¥

I

I
Led Report No, 09-187.0 E
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Sumn i ey Poeepienl - jus

{1} © {From Tadle XIIY, A-28} kg ’
@) £ =a® P w638 x 37,800 2,000 1b/in’ A
x {3} T {¥rom Tebls IV, A-348) 3,670
E ] ﬁ
8 W) A, = Af27.68 « .75/21.68 0.027 1b/in’
2 ; (8) c=v, A, =17.0x 027 0.6 pound L '
l (6) w =02k + afa}/%,z? * 1.02{2.35 + Mﬁzﬁ?,ry 00475 alugs fb
(B 5, =a8/0/5, - 28)
© 10,17 x 029/(7.42 - 26.95 x .27} 0.01110 3
B i (8) $2°3 (rrom mable 11, 4-38) 0.38356 e
| O R 6 - 153 i e ut '
l ﬁw {1 - 1671 x .383%6)
N - ]
B ;i {0} v, = (Mrale velocity) R 3000 rtfsec
t" ] H In crder to sacertain that the Em:- is conpletely burned befove shot S
B sjection, check that >
N a2, < @ - 1£%3)
- u = 0.15 (From pags 12, &-3,8)
| £, = 0.59 (Prom page 12, A-348) . é
S - %, ® 2.037 {Frou Tanls 111, A38)
| ue 2 = .15 % .99 x 2,037 = ,302 :
1-7603 1 16n x 08w 380 »
Stnee 302 < 301, the powmder is A1l burned belore shot sjaction, Q
0 ®
' 1
Raport No, u - o bt
. 4»
CONFIBENTIAL &




OO T

Ghpiate Salutics of Tateriop T-iligtdice

. Period of Pumming of Fowdar. It ir asswwed that & constsnt burndng
sarfsse powder grein is used,
From pags 18, a-3L8
mm? = a%s oo,
B » burndng conetane = 00005 for %2 powdsy (Reference 2s)
W = powder grein web {inches),
From pages heb and L7,

A=, 708 o= 385,000 Zb = 2,037
fﬁ: bt tw ‘i = -%?5 g = w&é
Henos

— i

rsfﬁs 0379 in. .

The following sdditionsl parsmetsrs are pscsssary to tabulate othwy Paws-
tions {pmge 24, A~348}:

L, ¢
o= Lish (from page L-7)
j, =02
G w3 B/t = .01 2.007/.99 = .0206

The Tollowing table contains vaives ¢ 2 a» one srgument up zb = 2,037,
z, is chtuined by interpolating within Tabls IX, A-XiB for q = .02 (page &1,
£-348), end xy = 218

+59 2 {M‘. . - x 218

4-8 Bapert No. 091870
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CORFiDEMM

?} and 1,17} ars chieined fres Toble I, pepes 85 ead U6 of AW3if.

FABLE: o]
. z x, L2 1(2) 1,(2)
g & 1500 5h3
. ; 0.2 L5750 381 01557 L0100
R i RN .13583 J17 02088
f N O.8 sﬁas? 262 sﬁ?&% ,
= i @eﬁ :m? tgm sﬁ%&é? i
1.0 L8887 A7 O3kl ?
E 1.2 0683 03646 ' i
- § ; H
1.h JO55L5 +113 LhO98 SL35LT {
| 1.6 £h388 L0891 SUB1T 01861 |
1.8 O35 088 L0831 0mm 4
2037 .a‘af;%s +051h LOE18L 03172 I .
¥ g, = 2037 PR |
. From the sbove t&tﬂn, solve m-.g:" (aes page 25, 2-348)
’
»
»
.
: Baport Ho. o "7 D 4~% i
PP &I * , ¥
CORFIDENTIAL P




VORE HAL

e
PABIE h-2

INTERIOR BALLISTICS DURING BURNING OF PONDER
(1) (2 (3 (4) (s} (6} (n (8 (9)

z £ o, L, . p v 1 ¥/c o
) _(Inches) {10”sec) (1h/1n2)(Ft/sec) %K
u 1 o 0 2,040 0 3560 .01 e
.2 1.605 1.169  1.67 .88 18,500 27 360 207 S
M 2.127 1312 3.08 1.8 29,800 SW0 330 J£050
.6 2.7 1.k93 W86 1,37 35600 810 2 .3025 b
o8 3.6u0 1,728 716 158 37,800 1080 150 4600 5 '
1.0 k.67 2,013 10,00  1.77 37,000 135  30ko L97 ;
1.2 6,030 2.388 13.65 1.5 34,300 1620 2930 +5950 i
1.4 777 2.863 1840  2.38 30,70 1850 2820 6925 3
1.6 10,30 3.503 24,70  2.43 26,300 2160 270 + 7900 ?
1.8 13,25 L.378  33.25 2.7 22,300 2430 2610 8875 f_

2,0 1.0 5513 BL.SO 3.07 17,500 2700 2500 +$850

2.037 18.30 5. 758 Lé6.80 3,1% 17,200 270 2490 1.000
{rurned)

.
For solution of columns (3) and (h), see page h-i2
Yor solution of column (5), ree page L-13~ C
Por solution of coluan (6}, see page 4.1k ‘
Yor solution of colum (7), ses page L-15 &
Yer solution of column {8), aee page L-15 ;
" 3 Por solution of column (9), see page L-16 * .
o
»

L-10 Report No. 09-187«D
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TABIE b3
INTERTOR BALLISTICS AFTGR BURNING
W @& 3 W {5) e (1 @ (9 (o)

In.) }{In.} &‘58 -3y {@'3%51 {Ib/in®) (Ft/uee) o
W80 578 LOSUS  MATIS 699 WubL?s a0 1nm0 230 A0 |

8.0 S.875 L0533 L9 .69 h.5549 3.19h 6,0 2770 A4
56,0 6,08  .0%ik  LJLOLB  L685  .L927 3.255 16,000 2800 2450 |
2.0 5.28  .0LSS  .LOSBE .67 A2 3.310 15,000 2830 2 4
Sh.0 6.7 0BT L0163 67 7h.350L 3.3 14,500 2860 2390
55.0 6.7  LOhSO .39703 . .66k 7h.2897 3.425 13,800 2890 2360
58.0  6.89  LOWk6 37337 .857  M.2172 3.46S 13,200 2920 210 |
60,0 7,10 L0L31  .38935 650 L1426 3.549 12,600 2950 2310 ?
62,0 7.3 0418 L3857 L6kh 74.07S3 3.605 12,100 2960 2290
63.13 T.h3  .chl0 38356 .6h0  4.030k 3.642 11,900 3000 227
{Bhot eisction) , ,

Por solution of column {2), see page L-17 ’
e it e LA o -

Por solution of column (1), see psge i:17

Fer solution of colum (b}, see Table XII, A-3L8 ,.
Por soluticn of column (6), see Tahle XY, A-34B L
For solution of colusn (7), see pape L-i&

For sclution of column (8), nes papz 419

T A BT
oo

For scluticn of column (9), see prpe L-20
Por solvdon of column (10), use T = T §%47 1 (See 221 page 27, Aedid)
r=1.6n T, = 3560° K
See figures L«l snd -2 for pressure anc v lucity se functions of travel and »
tire, respestively,
,. .

mﬁ?% Ho, Li-o T o L=31

B




Glf it .

T 3o'gt of Scluens (3) and (L) == Table L-2 ,.
"
%— = (n+ & 5'1)&° {Ses SH page 25, A-34E) [ Pt
o b

a = 10,17 sl = .275 i
o §; «mB, v 24,5 = 28+ 275 g7 i
Also, L = (§: - 1) :;;1 (See 10H pege 25, A-348) i §
:§ = $lomy = 9.85 i
Honets L, = G- 2) 9.85 ' 3
(-] .
TABIE ks ’
¢t a2 gt X/x I, |
O .
1,608 AT 1,169 1.67 I L
2.127 584 TTIL312 3.08 o
2,780 765 T 1493 4.86 I
3.6L0 1.00 1.728 7,16 o
2 .67 1,295 2.013 10,00 I 3 |
. 6.030 1.66 2.368 13.65 T
- 7.7 2.135 2.843 18.Lo l
» 10,10 2,77 3.503 2.7 -
L] 13,25 3.68 4378 33.25 ’
L] 1740 4. 765 5.513 Ll ,50 P
»
i .»
112 Ruport No. 09-187-D g
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st il

ot St g0 oot ls

Sobetion of Colwm (33 == T g heo e Be10

t:}c

-l
soF qi R q{}.;(ﬁfw} 2 b é 1

For the atove, see formula 1IH pape ', 8344,

&= 10,17 F z 38hL,000 3y = 401

q = 0206 {ane page L-0) g2 = .0n0hne
g2 = .02 %, = 219 (s~0 pare B!

BAY = ,0132 (see page 4-8)

- _10.17x ,01 5,

T 500 5 000heS XTI X o L B - 12‘2’}

Ilfz)
t = 0126 [-.-5-1-5 - 12{3}}
From Table L-l on page 4-9, use 11(2) and IZ(Z)

or,

TARLE 4-5
SOLUTION FOR ¢

o2 07 BEURUSR + .000881

4 0% ~ 0935 .00118

3 , JU J110 00239

8 Ang 1255 .00158
1.0 188 1402 L0177
1.2 1665 .1554 00196
1.4 L1878 1730 .00218
1.6 .2120 1534 .00243
1.8 240 2162 00272
2.0 «275 27 00307
2.037 .282% .2508 00315

e TSI AT GP
N




wuns IDERTIAG

olution of Cotumn (63 -- Table L2, Page 4i-10
From formmia 12 page 25, A-J)8

2,873 % 10° (g + 2 = w2

%

L *y

R P=
} ‘0 {1 - xl z)

‘ a = 0206 (mes pags L-8) &% = 0.63% g = 15

p = 2:6763 X 10°(,0206 + 2 - ,152%)xy
3 G IR )
let 4 (.0206 # 2 ~ ,152%)
. Hence 2.6%3 x 105 x d x x,
e+ 11 ()2
TABIE L-6

S0LUTION FOR P

2z %, 112 922 d 1-:12 a°(1-x12) P
(Po h"9’ ﬁ
0 21800 0 0 0206 1,00 635 2,00 d e
.2 JA8750 L0375 006 L21h6. 59625 611 18,500
RN 5583 0623 .02 3966~ L9371 595 29,800 ,
5 12859 070 .0%L 5656 .9230 586 33,600 e
£ 057 .08k2 .09  LT2W6 L9188 L581 37,600 1w
1.0 L8587 L0859 130 816 9k LsB0 37,000 s
1.2 0693 L0B3 L2158 1.0056 L9166 582 3,300 J
1.h 05546 07% .29 1.1266  .9224  .58% 30, 100 .
1.6 0388 070 384 1.266  .9300 5% 25, 300 ¢
1.8 O 0618 LSS 1.3356  .6182  .596 22,100 }
2.0 02047 L0529 00 14206 T L600 17,500 _:i g
2.037  .02%23 051k 622 1.k356  .oLB6  .602 17,200 .g} :
-1-:. ‘
q
5 é .
- 51k Report No. 09-157-D i
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gRINTI

LIXTERH TR

- o Soiwtiow oU Coluwn {7} ~- Teble hi=2, Pape 1-10

Prom Formuls 134 pape 25, 2-348

\CEE}
V=2 ';-«-z--, 2
“
LY 2, = 2.037
F = 384,000 £, = .99 .
mt = 0L {See page L-7)
Vo lis0t

MREE W R G G eI N AN B N A e e Gk e W GRS W P N B it W G S IR NN T N ke Gt N W GG SRR W SO M R e

Boiution of Column (8) -« Table L2, Pege Le10
From Yormuls 1LR psro 24, A-348

'.: 2
T 3. - ovl
1 rero[——-z-iz-Q+ }sra -4 ,
| q = .06, T, =3560°K, it b = &’;
TABLE L~
B | SOLUTION. FOR T
SR N T3 TR S €3 V. ¥ v
0 0 0 1.0 3560
- .2 006 12206 027 ST 80
g 4 024 26057 913 3360
A.; ‘ a6 ;Gaﬂ .020‘6 038? 0913 326‘) > ot
 1 l .8 096 8206 JA17 883 3150
B 10 .150 1.0206 b7 853 3040
1.k " e29h 1206 «207 93 2820
1.8 <384 1,6206 .237 - 763 2720 L
N 2.0 600 2.0206 .297 703 2500 L
. 2,037 622 2,057 2302 «698 2Lso -
" Report No. o - 3.0 L=1§

. [ - g

g ——— e w0

1 . $




LR

C toiption of folume {01 ..o Table he2, T he3g

From Formmle 15K poge 235, 4348

g=d, 45,20

'39 = lﬁkp fb £ .9’9 zb = 2.33? i
Hemce

P= .00+ 872 N ”I

TABIE 4.8
SCLUTICN FOR N/C

o h3% 2 /c
o ¢ D10

I
1
2 0975 1075 1
1

5 +1950 2050

6 «$925 Jo2s

.8 «3500 400
1.0 487 4978
1.2 .5850 /5950 }

- 1.4 6825 6925

1.6 + 7800 7590 }
1.8 8775 88
2.0 9750 9850
2.037 +950 1.00

bmed., i

M

#
*

b-16 Swport No. 09+187.D ]g
E):
R4
3
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Solutien of Colmm (7} == Tale ked, Fege kBl

From Formuls (JOH) page 28, k38

v
eﬂ?sag

o1

k
t

5}

Henca

e A e Sy

Solution of Column {3} -» Table L-3, Page hell
From Pormuln (61) pane 35, A-348

ady

,2?5

. B
; ?-nba

24, = .27 (page b-12)

R R R . T i TP P

- -738
%

nl, = 726 (page L-12)

TABLE h=9
SOLUTIEN-FOR g

‘i"" .?23

o

ué.60 5. 758
L8.0 5.87
50, 6.08
52, 6.28
5L, 647

e A BRI

5.030
5.347
5.352
5.552
S. 42

545
0533
051k
OL5s
D478

55« : 6. 5.972 LU480
; 58, 6.89 6.162 «Olils6
i &0, 7.10 637 LOu3L
1 62, 7.30 &7 <0418
} = éz_..!.}r 7-:3.@4 &, 02 4%’5

] Rupore o, veeicTeD

st e S B

b R v emagmem - C e e

-~

L=17

¥




 Golutien of telums (7] ~

R
%{ﬁuﬁa _?‘-!ff g“i;

Frow Formuls ‘ﬁi} pﬁw i'?, o308

bey e T—{zgérg } - 15tr §+3)]

% = Q0315 {pape h‘ilj mt o= LTS a® .17
P o= 38,000 Aw}, 028 T» Lténﬁ {pe lin?)
¢ ko £¥/3 u 11073 4 5,539

Iy = (i‘ji’ b= 617
Cntain Column {3) balow by interpolating within Table XI, i-i&ﬁ,
‘ ‘ {ﬁh&i?& i (1' 5'333

£ = 00515 + ﬁé £.5
" L0018 + 000838 {ﬁham I4(r 3“33]

TAFLE L-1C
SCLUTICN FOR ¢

L, re®  1red T ELT6-To(r §43) 2 (000838 ¢ (Seconds)
L6.80  .690 %ib1%6 ] 0 +003150
e .88 %S89 0527 WQ000EL 003154
50, 485 RS- B b 000105 003253
52, AT b2k asee 000160 003320
. S %3508 .26m 000225 .0033%
N 68 7, 2697 SN 000275 002428
88, 487 %h.a1n R7 ¢ Q00318 003,88
0. <650 Todk26  L750 000399 003549
2. o6k S S ¥ £ LQ00USS 003605
63.17 840 %ok LS8R 000452 ,0036k2

sule v

e 3‘3 ram Colurmn (), Table hie}

418

© e e AT

cmmm

Repard He, tt-lt 7«h

i it

 siviond.

N g

[ ot

e g el . Gd

r.m -3
’4 .

s

v




" Boletiew of Tilewn (B} we Tanle L-%, Frye heid

| Prow %wm {(a0u} pops 27, he3k8
; Pow BRIy wg r §1*3 I

N ey S = il S

I'= 3.670 {See popm he7)
= ﬁg’m §Xe3
S@l’w 51‘3 Prom mg 5‘1-3 g ug 5‘ & Eﬂﬁ §-3
TABIE L-1)
SOIUTION FCR P
2 3 ale e
g L 5 & log§ log §F teggld g3 p |

3 bé.e 0533 Wbakgr Zowewy L.eabo2 TobAs W02212 16,700
1 50,0 05 Jback8 T.meves T.613252 T.32h25% L02110 16,000
52.8 Oh9S L0586 T.604605 T.6083% T.302061 02009 15,100
5%.¢ L8 o181 Toemhos T.éo3826 T.283e34 (01520 1h,500
56,0 Ohs0 Jew3  ZT.eeerss T.5908eh Z.26issz  .01826 13,500
8.0 Luh6 39337 F.649335 T.Bsuooz T.2ub137 L017L 13,200
5.0 L0 JR038 Zoeabiry T.s90339 T.22LB16 L0M678 12,600
62,0 b1 b5 T.6ziame 1585350 T.207826 L0113 12,100
63,32 SOl .38356  Z.612788 T.503833 T.196617 .01E7Y 11,900

Report Mo, ... "0 4=19
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Soluwbien of Dobwnn (9} »e Teble

| Pren Formuls (230} page 27, Fe3uB

v e gl (=150
= M r= i:én
¥ e 384,000 ot = 0L

Ve B a R o r g

=8z 01 rg*"‘)

MBIE Le12
SCLUTION FOR V

N

BR L bl eed SN B BEE BN AWt e ol K2
: | iceeai NS G ,

L rg” 1.r83 & y

8.0 &9 307 762 x 10° 210

.6 685 31 v.61x 0% 2800

§2.0 S8 22 8.00x 108 203

5h.0 670 3% 819x 10 2860

i 56,0 56 356 - x 0% 285
8.0 457 .33 gsox10® 290

0.0 850 .350 8.68 x 10° 203

2.0 Bl .356 8.67x 105 2380

6313 e .360 9.00 x 10° 3000

T

S

-t

v@iﬂl

PTR. S AFRYS-Y A

SRt
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S Ordinary Prolless of Inb-ricr Rellistios. (ATI-2h6L7).

The refersnces nsed ave citcd direetly in the text as reguirsd,
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An gutliimed 4o Paction 3, the projectlile ix to have two pre-engraved
votating banis. Extensive study or prejectilos of thiz type dewonstyated the
adratage ¢f ©Ow tulicbard deaign. The eddition of ko fozward tand incruases
4ha dior by & ractumm of culy 1,98 INetewsnes Sa), Howwver, internal yu in the
2 Bove L redused conidtersily, reculting in greatly inpruesd launching condi-
tions and deoreaend erternal yaw {faforeiss h).

In mmidariﬂé the tpe of profesitis ¢ be visd (mine type with & 10
aaiAier rius ogive) the Type 7 eppearod 0 be cloaer o the desired shape ther
the Type 8. Tho latter &s a ~hwpter version of Type 7, with the samw ogive but
aé&.fhm@ beze. It is understood that ths 30ms Eritish fden prejectile is
oomidsrcd 10 14 of Type £ with & fous feotor 4y » L1718 ut « vilesdty of 2000
fech, por cecond, Sinos the 37mx projectile bas & 10 caiiber radius ogive,
widle the Adén prejectile bes an ogiwel radivs of 6 eslibere, it is yessonsble
to Lasign & form facter 1y of 1.0 to thy former (Refereuce Se).

Extsrior Sallistic Functione

Exterdor bellisile functions are to be cunsidared at hres different
sltitcder: se2 Jevel, 20,000 Jret, and &:.09C feet.
Can speed o tha atiscking nilane Ve is &8 Jollowne
At g3a lowval Ve maca 1.0 = 1120 foct per second
At 20,000 fest Vp mach 1.35 = 1430 et per wocond
At £0,000 Peat Vo mmeh 1,50 = 1460 fest por second

Repoct Wo, 09-187-0 5=l
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e shave 48 Bassd on veieiive welozily of scund () being 928 at 20,000
$ant and 870 at 60,000 conpared 6 1.0 at ses level,

The relstive aly deneity » is 533 st 20,000 fwet, and .10 at 60,000 fost.
{Zre Tolerunce 54.)

c, s ¥
! M,ég

W = waight of projectile ~ 1.35 pounds
4% = 1,487% = 2,12 aguare inchoe
1L, = 1.0

Cp ® porp Pty ™ 635 4t sen level

Cy = “'533“’:1"1"35'6"""5’175:: u 1,19 at 20,000 feet

1 R
G? = :m-r%;m" 8.35 at 60,000 Lot

e 1% 18 posaidble to oomatiuot ballistic tables, obtalring sir .2evel (P) and
tine of fight (t) for sll thaxee altitude conditions using the alr veloecity (V)
28 one of the argowenis.

Sinoe the susale velocity ¥, = 3000 faet per second,

Up ® 2000 ¢ 1150 = L450 faet per sesond st 60,000 feat sltituds
u°um¢m-mm¢ptrnoondat 20,000 feet alidtude
u,-m+nzo~mamemumnm1mx.

Hence, total air trevel P = [S(D) « 8(V,)] x Oy feet for any velocity U less
than the origlml sir veloelly U,.

The time of f14ght (t) 1s odbtained in a similar mamner

E-2 Mport ¥o. C5-107-D
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t=o00) - ] = gy

The Siscel Space and Time Punctious for Type 7 projectiles are used as
noted in Refersnce Se,

WTE: Py = alr travel at 235,000 fast altituds
Py » air travel at 20,000 fest altituds

P3 = g8~ ‘revel at ses level.

.. o a0l
Ld

ty = ties of flight at 60,000 feet altitude o
B t, = tims of flight st 20,000 fest altituds
B t3 = time of flignt at sea level,

]

P :
b
% ;
!
]
i
T4
X
1
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CORFIDENTIAL

TAME 541
TABLE OF SFACE AND TI1E FUNCTIONS FOR 37m PROJECTIIE

v Swm 0 h & Py ’(ag ! Y2 t
m@;.ezg t) (Fwet) (Pest) (Fret) _ (See _

13,647 L+ I 2.430 L+

w 13,703 ige 2.4h3 083
biko 13,79 e 2.458% 159
iy 13,806 1,0® 2.L68 «2h2
Ll2o 13,813 1,435 2.5h61 35
Ko 13,920 1, A0 2.493 400
GO0 13,986 2,150 0 2.506 483 0
380 14,099 2,88 138 2.532 Sk 03,
k3o 14,222 3,600 249 2.558 812 D62
L340 1,325 4,300 Lok 2.584 ST 093
k320 W4,L38 5,020 s39 2,610 148 124
430 14,552 35,780 (Y5 2,636  1.310 184

_ h2B0 14,665 6,450 goB Ry 868 .67 186
L2607 7,190 943 ~2,68%  1.645 218
heho 14,893 7,910 1,0M 2.716 1.820 «250
4220 15,006 8,65¢ 1,213 2.3 1,99 +282
k200 15,120 9,35¢ 1,35 2.7  2.165 9311
5180 35,235 10,050  1,L48% 2,798 2.33% o3L7
4160 15,3k 10,800 1,620 2.825  2.5%0 379 v
Ko 15,463 11,500 1,790 2.853  2.69¢ L3 ]?
k120 15,577 12,240  1,B% 0 2.880  2.850 JLlis 0 1
K100 15,652 13,000 2,030 2,98  3.0L0 478 Ig
hoso 18,979 2,30 255 2.9713 556 059 o
W00 16,266 2,m0 37 0% S48 108 gi
1950 15,55 3,055 620 3121 « T30 .153 L S
3900 16,843 3,h00 805 3.196 820 .200 .' L ;
330 17,113 3, 7o 989 3.2m .910 248 ] ’

Sheet L of 3 L8
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GO AT

TABIE 5-1 {(CONT'D)

4] S{E} I’l ?2 93 ?(if} tl ta ‘bz

(Pe/oaci(rest) (Pewi] (Peat) (Pest) (Sec)  (Sec)  (Ses) {Sec)

L0 17,k23 4,075 L1755 3346 1,00 296

3 17,74 B30 1,360 3.kl 1.09 <3k

300 18,006 L7900 1,545 3.501 1.185 395

3650 18,299 510 1,730 3.581 1.278 A

350c 18,592 S48 1,920 1661 1.37 496

3856 18,887 g,860 2,105 3.7h3 147 «Si8

3500 19,182 6,190 2,290 1.8 1.57 0L

330 19,47 8,550 2,h80 3.913 1.7 S5h

oo 19,17 6,880 2,60 L.00O 1.778 «70 _

335 20,07 17,230 2,080 K089 1.888 + 767 b o

3%0 20,377 7,590 3,050 L.179 1.990 823

2% 20,61 7,940 3,250 bL.2m 2.100 584

1800 20,983 8,300 3,035 hL.386 .28 8- i
- nse a,8 8,690 3,840 L.uS1 2,325  1.007 : ,,
- N0 2,59 5,050 3,820 k.56 24 101 :
- 0%  21,%6 9,k00 4,020 L.560 2.56 1.13

3000 22,239 9,79 4,220 L. 2.69 1.20 e

2950 2,53 19,150  h.b1s  L.869 2.8y 1,268 : b :

2500  22,8k8 10,550 L8158  L.979 2.9 1.3

2850 23,167 0,90  L,820 5.089 3.07 1.408

2800  23,L89 11,300 5,020 S.204 3.2 1.48 -

270 23,813 11,00 5,23 S5.321 3.35 1,55 b

20 %, ! 12,050  5,lh0  S.uh1 3.8 1.63

25 kN 12,45 5,650 5,565 3.8 .2 . .

2600 2,506 12,90 5,80  5.692 3.79 1. 3

2550 25U 13,300  46,0C  5.623 3.95  L.87 »

2500  25,L8k 13,700 6,00 5,958 k.12 1,985

s 25,829 1,100 6,500 6.098 L.28 2.040

Sheat 2 of 3
»
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CONt OENTIAL

3 b
TMBLE S-1 (CONT'D) L |
Y B Py ?iug % t b B
ggg;m_;x g z (soet) _(Poat) (root) (Sac)  (Sec)  (Sec)  (See)
ﬁ Eﬁ ﬁis,m 6;730 5.2&2 kai}s nﬂ ] '
?3@ 26,951 1,90 6,950 6.351 L.61 2,23 !
?m 26;839 153350 ?)m 60% ﬁ-ﬁﬁ 2-33
2% 27,25 15,80 7,40 6,703 hos 2.3 B
200 27,618 16,250 1,630 6.868 3,20 2.9 S
2150 27,9% 7,900  7.040 2.68 ! A
200 28,388 ‘ 8,100 T.217 2.8 o
2050 28,750 8,50  7.k02 2.87 -3 ?
2000 25,137 8,800 7.592 3.00
1950  29,5% 3,850 7.1 342 '
1960 29,927 2,100 T.997 3.26 l '
1850 30,329 9,350 8.212 3.0 ?
W00 30,737 9,600 8.435 3.53 ]
1750 31,19 9,8 8.667 3.67 S
100 2,567 10,150 8.9%09 3.82 a .
1680 31,9% 10,450 _9.162 3.96 .
1606 32,436 10,700 §.426 4.16 B
1850 32,852 131,000 9.700 b.3k i
505 333291 11-3250 9-989 h-53 H P .
Sheet 3 of 3
Rxtordor Balldstios fpplied o Coubat Conditions l &
For t™~ combat conditions outlined in Section §, the sxtarior ballistis %
aharecteristics are considered st 20,000 fest altitude. g
Prem BREL Note 807, Formula (L) page 5: R
H
I 5.6 feport No. 091870 i




CORFISERTIAL

The spesd of the fighter (V,) 1s 1LOC feel per sacond &t 20,000 feet sititude,
Bance, in order o cbtain P and &, use figere S-1. These values are selecisd
from the 20,000-feot curvs for the wsluzs of future range {r;) consideved. In
ovdap $o5 cbitxin U or the projectils air velocity at impact, usa figure 5.2 with
the valus of © found from figure S-1.
For ocombet comilitous No. 1 and No. 2 of Section §, ths pressnt range r is
cbtained aocording to BRL Note 307, Fowaulz (L) page S.
r=P - Vtt
The velocity of the tarset V, ixz 11 feet por second for the bomber, snd 1400
feet per second for the fighter. Hencs for the latter case, r = Ty N
Formia (5}, page 5 of BRL Note 807 @usmnmmmwvsm
the target on 3 pursuit courss:
VU= ?t
Henos, the tadle btelow mxy be used fo¥ dslarmining the ballistic parametara for
coabat conditions No. 1 and No. 2 on i..‘:; pursuit courss sttack.

TANLE Se2
BALLISTIC PARAMETERS FOR FURSUIT ATTACK
Bombey Boeber FMghter
Terged Target Target
rp t r ? v , v
(Peet)  (Seconds) (Feet)  (Feet)  (Fi/sec) (Fi/Sec) (FijSen)
1590 S35 18 2250 Mg 328 2669
3000 1.23 3565 L5860 mn 222 2333

ls00 .82 S92 7050 3381 2570 1962
8000 .49 7584 9760 3005 9% 1605

Report ¥o. 09-187-D 5-1
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Figure S-1. Air Travel vs Time of Flight
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Figure 542, &ir Velocity vs Time of Flight
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e gyrozcopie staddlity wsa detersdned by the method cutlined in BRL

Peshnica) Nots 771, Appendix IV -« Stability Caleulations.

sagilzis ¥
T K- g) ®
fhis wes detarmined at sex level corditions at the suszle. Ali other conditions
would ahew an incresssd statility factor, 8, honoes
V w 3000 feeifsecond and U = L120 fest/second
I = Axtal moment of inertin, bein®

R = Calibers per turn »ifling
T = Trinsverss pomant of inercis, 1&»»1::2
4 = Calibey, inches

!,J'

xn = Hormal force coefficient, nonedimensional

A )

h = Distance from base of shall & center of pressurs, cilibers
g ™ Distance from base of shell to center of gravity, cslibers X

!
!
!
I
i
G
R

U = Inttial velocity of prolectile relative to sir, fest per secord
¥ = Nurzle velocity of projectile, feet per second

73

K_ = 653 + 02238 = 611 - .CO2e + 126354 + &4 (2)

o
g

h = ON7 - OLL3e + LOI% + 80326 + .2LS%d + 6083 (3)

& = sngle of boat-tall, degrces

o BT b e Pa

b = langth of bont-tail, calibers

(1 ey g

r
L

¢ = lenpth of cylindrica)l portion of bedy, calibers

4 = lenpth of epive, caliters - we— - - . .

[
el

e = ogival racins, calibers

:
!
i
3
£
&

i Report ki. ' ?-., T«D 8.9
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- —W*&Wﬁ%{ﬁﬁ?@ﬁ@@i@"ﬁ%%m have been satablished,
I® 3257 Moein®

T = §, 7211 Irin

H = 25 oalibers per turn rifling

4 = 1,h57 inches

R = 2,26 cajthers

s = 10°

b= L0 ekliter

o= 2,36 caliters

d = 2,08 caliders

& = 10,0 calivers
In considering the fmmisphﬁaal shaps of the projectils base,an equivalent
boat-tailed section of 10° was selected, LD caliber long for & and b, in order W
w9 the cutlined methods w@bmmxﬁmm This is believed to Lo & conservae

e o

2

Wes sssumption. .
Ky = (653 + .0223(10) ~ .6139(.10) - .0020(2.36) +,2635(2.06) + .676(ly)
K, = 1.2321
he 077 - JOLL3(10) + 1.019(.L0) +.8032(2.36) + .2459(2.06) + .80&3(%5}
h=2.52%
sx— 2272 10° x 3057 ,m;
~ueT21 x 145T x 2.232(2.5275 - 2,26}  L120

8w 2,02
This stabllity facter is setisfactory se iy exzoeds the scospted fipure

of 1.4,

S=10 Report No. 0P=187D




Befersyoms -= Ssetion §

Frem Techmicsl Repers of Div, 1, HIRG, Yolume I <« Hypervelocity Cuns:
Reference {Su) -~ Pavapraph 27.3.3, pare 528

Rnfarence {Sh) oo Parapraph 27.3.%, prpe 525, ond Fipure 8, pere 529

From Project Chore =« Spplication of Exterfor Oun Ralliatics to Aerisl
Sceprt, by O V. Durous. Published by Undversity of Chiespw, Crdnsnce Resesrch
Ho. 1 == ATT-73L16s
Referonos {(Ja) o= Apperdix, Standard Frojectile Types
Beferences {54} -~ ippandiv, Talle of Altitude Functions
Reference (Se) -» Toble of Siscei Space and Time Fumetions for Tyre 7 Projectile
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Sy e
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SIMBAT CONDITION X0. 1
a1l Cons laad;, Pursuit Course -« Fightor vs Boaber

In thds case, it ig assumed that the fighter is on & wdified purscit
course, 10° off the tall. Tt s Kleo sssussd that the two planes cantaining the
Line of flight of the bomber snd the fighter forn ab angls of 30°. The fighter -
is sasumed to be flying & straight lise rather than a curved course, L

AQ paraeters used in the Py calculations wre those sst up by the comdat
comditions specifisd sxcept those wideh ave detemined by the weapon and sremund-
g tion chossn. Timus, for example, future ranges, plams velocities, dspersion,
B tine of firing, #%c. ave the sens as—outiined in the origiral ruies. -
Since the weapon chosen does mot lend itsel! to firing onetiind the
sorplment of ameunition, ki1l prebabiliiles have been sbown for one-hal? and _
oneequartar of the total mmber of rounds, as well as for the Mll complement. g
It will clso be shown that o higher kild probability may be ochtained by

3 longer tims of burst for the asme number of rounds, and & slightly seduced ’
disparsion pattarn. Howswer, this i3 not considared in the evaluation, whiash
] is based on 1.0 second firing time and @ dispersion of 5.0 mile 50% wircise.
’
L -
Baport No. FHeibTel fiml
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¢ = sngls of pursult off boaber nose = 10°

o * sagis of intersection of planes of flight = 3°
V, ® veloeity of fighter » 1500 £t/ree

7, = velosity of target {bomber) = 811 fi/sec

v, ® suzsie velocity of gun = 3000 ft/sec

U, ® initlal velocity of projectile relative to sir = WD fv/see
N = ajy welesity of projectils ot impoet -« ft/see
v, ® striking velocity of prejectile st lmpect o £5 /800

4 ® tiak of flight o Larget «« gaconds

= uragand pange -~ feetd
re = fature rangs -~ feot

Fo totsl aivr travel of projeciile to taFges -~ fesd

¥ = weight of projectile = 1,35 1b )
H.E. contant » 040 1b of MCX

% = sonversion fastor relative to IN? = 1.§
of = 18.046 wi1e®, 0, ® BLOEX redtus of 5OF cirole

o n gtandard deviation rndem error (round to round) = wils
c‘i = standard devintion gynteasiic error {(bisa) -- uilsz
T = time of buret = 1 second

i' = yulnerstle Jres -« gguare feed

3

$u2 Repors Ro, (9-187-T
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R. # probability of mo hid
P, = kill probability = 1 « H,
Altitude = 20,000 fest
»
|
< ‘ .
. -
.4 !‘
§
il
:;' !
’ i
. : :
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EOMEEATIL

PABLY. 6wl
Spesry Combat Condition No. 1
Teil Cone Isad, Poreuit Course - Fighter vs Hombar
@ 3 W () {6} (n ©) (%)

, t ¢ P U v, MTeq A o* 4
2 2 2

{g8) (swe) (£t} (£¢) (ft/sec) (fi/wsc) (3B} (f££°) (mila®) (»332°)

1500 .535 1815 2250 LO&Y 3248 9 1340 123,00 11443

3000 1.3 3665 L58c 373 2922 JhS 128,85  509.63 L3260
hooo 1.82 S5 W50 3381 /™ M2 1225 120757 993,61

6000 2.6% 7Bk 9760 30085 219 482 117,85 231h..) a0 B8
) (10) Qv @2) a3 (W) (1s)  (18)
Gh 3 M@ agZ) sdRo ) R Q) B GA)

B w00 1262 5306 26,602 13301 SR 9B 950
T 3000 1.228 13,892 6.9k6  3.uM U8 .885 « %65
, . hﬂﬂ 10235 5. 71 2.860 1.h30 .86 « T2 052
- 6000 1,202 2,886 143 721 .7 52 32
; ) For solution of columne 1--S, see page S.7
1 Yor solution of colusns & and 7, ses page 6.5

: Por solution of column 8, see page .6

| Por solution uf column 9, mee page 67

; Tor scluticn of column 10, see page 8.8

% e Fur solution of columns 1l-~13, ses page 6.8

i For solution of columng li--16, sse page 6.10,

For Py cutves againgt presant and future ranges, see pages &L0 and 6-19 respecw
tively,

Report No. 09«187-D
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o

Pros BRL Repere D07, formula {11), pegs 69

} = A0 (1 ¢ s

b T aquiv ® L0 % 1.5 (1 ¢ A )
8z 100 x 1.5 x s 3,58 x 307

Yor £, ® 1500
7. w 3258 /800 WY aquiv = 66 (L + .Jgg...?;
3.5; t 31+

% 00 x 1.295 = 719 1b,

G e W W G A WE A e o ek Wl U W P R wr W Wt e ST e M IS BB B W B G A A s A e G N AN N I

r, . 3000 2

, . 298
Y, ™ 2922 f1/ses ™Y squiv = 86 {3 ¢ —-ﬂ-«, —
s 3.58 z 10

@ 00 x 152&1 - .?&5 iy,

- We Al b WD N MR G A e s A s AR Re AW e A e S A O WD W WY o G D W BT sk D U A D SR W =D
!‘fﬂm

2
- 2570%
¥, ® 250 ft/ase ™NT squiv = wf“u * 385 » 30 )

- .60 % 1,186 w .?12 ib.

A @ ik we Wi Gl @i AN SN W NI S G D N BN Gt i SR W R R R AR BRSO SR e ae I AR e A B WG AUS deln W D

T, = 6000 ,
£1
v a 219 ft/s ™NT aquiv » 60 (1 ¢ =
g * 385 2 07

- 0& x 1.136 - nm lbu ‘ ?,J

Nl S e W ol S B R MG s W A G A WD Sy MR WA AR e s W Wi DI e R N AR M S B R G W O W G

Solution of Column |

Prom BRL Repore 807, Curwve ‘igure 1i Vulnerable ares of bosber target iy 40 aa
fellown:

Wt e e .
S, . .
EEPRNE L R
i P : P

4
.

INT -- b, b, =~ Square Meet -

.S 128,85 P
N2 112.5% N
582 i17.5

Rapert Ho, 091870 6.5




NrrglhﬁbOMt, P = 5050 fsst

e

Solution of Colusn (B) <= & {as-sorrectad under dat of Bu 353}
from BAL Repert 807, formule on prge 74

o -{ & ¢ gt 3|

n?i«za;m&, =1 secons

= 2,296 (g%)ﬁ

!’ﬂ'rr"m{‘ﬂt@ P = 2250 fast

of w 24,29 x 2,257 & 121,00 mile’

W G B e W WE S A BB MR OSSRt B - S A A M W R VIR N RS O N M e G GO D W A AR VB W AR R

Por rt‘m fext, P = L3580 feet

o o 24,296 = L.58° » 503,63 miie®

g e ey

o w 2,296 x 7,05° = 120757 ma2s®

W ME W W N XS M S5 A A W NI WR R D O WS O AD s W T B AR W A W B S B W W M G W W J e

Yor ?fﬁm teas, Pw WD feat
O 2,296 £ 9.%° = 2314.79 wils®

'»w!w"é

foood Sl Gk Ged el

Lol |
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Sslution of Column (9) ~e ﬁ {as corrected undey date of 8-3.53)

From BRL Beport 807, formuls on pasgs T '
- Y. 5 txsin 8

g e B2 L )+ oy 5 (e

sin 10° = 1736, v, ® 811 f/e00 * % 1 see,

Yor ry, = 1500 feat, ¢ = ,.535, » = 1013 fent, P x 2250 fest

f = g100 (W)z [x+ {%}2 10,8 (%)2

= 8100 x LHOL x 1,366 + ,ul&
= 19,27 ¢ 95,18 = 234453 nm

G e e MR AR b B G O e W h A AN g e SR W R W G e WD R M S W B M X AR BB TR WS W AR e O W

Mi‘g“mﬁct, t’iaﬁ. ?‘3‘665 ﬁﬂt, ?t hm fast

{ = 8100 (&n x 1,13 » il!&ﬁ [1 + {%}2"} + 18,8 (%}3

» 3190 4 dm59 X 2:’393 * 39&035 _
w 38,28 + 334,35 = 532,60 ma2e®

s N NE AN B W W SR W N WU gk A W N W N W Gl D e B G R A G S W B b G W e S M TR D W e

hrrrﬁhﬁmfut, t= 1,82, r=5572 feet, P = 050 fest

f = oo (RLELIE XA 1 o (FT0H + 18,8 (JB°

= 8100 x 00212 x 3.4h + 935.4.
= 59,20 + 93441 » 993,61 Iiha :

SNt G Sl Wb IS ARG DR e A Ger Wi S0 e O D A AL SN Wie T WIS WP Se TP IR i A GBS WIS e Bk D ae ks S e R A e

Yor r. s 6000 feut, G 2,69, r = 7Bk feet, P SO foet

o = ti00 (LELE 2 ADE? 1y o (FUP 4 10,0 GEBD°

& 800 2 0085 x 1.3 ¢ 10,5

BB e T e e L

ﬁﬁiﬂbﬂ*mnnﬁﬂﬁnmﬂndbh&mﬂrﬁﬁﬂ“ﬂﬁ**ﬂﬁﬂﬂmﬁnﬁﬁﬁ

2o Teyt

as ihA R
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A, = 140, & = 123.0, { = 13%,h3

Wb G W WIS RE G MR N M T AP AN AR W PR MR R W AN R e Wl sk A GNE B NI WG AR e R WS A B B G A il

Yor £, 3000, A =126.5, o w509.6), of = L3260

Por ff = 5000 feut, *9‘ L 11?’5’ Uz - Eﬁh:s?, { » 154088
ﬂ?
Aw —-——m
. *" +
L now 30 (it losd)s 180 (172 losd); 90 (1 lead)

Bsport No. 0%«187-D




Por £, w 3000 fast, A w1285, o = 509.6)

Y = 13,892

{a » 180)

13,892
3 ‘—ﬁ-—-'ii.k'ﬂ
(o= 90}

W e gt W AR WS TS AN M A MR W M R M WS WS AP e Wl R SR W OB WE S T W MR BN W S W W e BB G TR IS

For ¥y = LS00 fest, *.', = 122.5, #2 = 1207.57

A - X _122,5
(ﬁ‘%} o ¥ b, x Te

2 2@-2.&&3 N
{n = 180) -

T
A "%——*1&35
(n = $0)

A W GE B S e b WIS W T A M A WS A P A M A W W A R T A A A W G e U N B s A S S B S

For r, % 6000 fest, A, = 117.5, o® = 231039

oA 30y = TSR Ty = 2806
n‘m * »* | ]

2.886
) " Sy w 103
(n = 3180}

= ___E__Q.G% =,
(a i $0} =

W o e NG W S URE SR SIS v G e AR Al Sa W B A M B b A G e M e B S G G M BB S B A G S e e

4 RO

Peportd W, Gi-i"7 8 e

ot

S g,

L Sk




Selution o

Maving the pavaseters A and 1/8, 1% betomes a4 simple sctter to cbtain B by t
finding B froe Plgure L7 of BRL Report MRLG2., 3ince H, is the probability ef
po hits en & vulnerable ares, PK basoues 1 - Ha‘ }
For Pull low, §=1.262, K =Si.20k, H_ = 008 }
rp®1500  Half losd, § = 1262, A=26.602, K =.022
Goarter losd, § = 1,262, A= 13.301, B = .0%0 |}
Yor Puli lowd, §=1.225, A =13.892, H, =052 i
re® 3000  HALE load, 31275, A =6.946, H, = 215
Quarter load, éﬁ 1.225, A= 3,473, ﬂo = 235 ]
ror Pull losd, §+1.235, A=S5.72, B .k ] N
r,w LS00  Helf losd, F=1.235, Aw2.860, K =.28 R
] "
! ,

Quarter load, § = 1.235, A=1,430, 8 = .

Tt e W S G S W AN W SEE G AN VR G W G S GAF G SR GeE W AR e GET A MR WS A M B S N W O s e

-~

For Ml load, §= 1.202, A =2.886, H = .28
re® 6000

ot
P

[IoR—
. B R T ! h
L

Helf load, % =1.202, A=1llk), H = .6

Quartsr losd, %a 1,202, A=.721, B =.68

,.M-M,w
;
S
o -

-vrn— PRI

-
e
i
-l -
Il . .
| L
o
: H4 »
] .
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The previous combat soncitionw reveal high kill probablilities for futurs
rangen up to arcd ineluding LS00 feot,

Furiher axaminstion reveals that the kili prebabiiity mey be inproved at
r,® G000 fest by decressing the rate of fire, and decreasing the radius of the
50% eircle from 5.0 mils to some lower figure. et is, we s nuwber of
rounds fired cver a longer period of tise will improve ﬁﬁ sonsiderebly.

The following combinati-ns will be considersd for r, = 6000 test with
81l other conditions resaining the sume 28 the originsl,

s, Tw 2,0 s0s, radine S0% sirels = 5.0 nils

b, Tu 2.0 swe, radius 50% cirele = 4.0 nils
€. Tw20¢eec,  redius 50% circle = 3,0 mils s
d. T= 20 ees, redius 50% circle = 5,0 nils o
e, T= 3.0 swe, radine 50% circle = .0 ails L

£, ?®3.0 see, radiug 50X circli = 3,0 mils
“~

(IR IR

Gondition &, T % 2.0 ssconds, CEP = & mils, a§ - 18,046
(Ses page 6.5) &° = (18,046 + § x 253 x 9.7%° = 267161

(%00 page 6-7) of =150.0 + @ x 25) x 9.%" = 1578.87

(m poge M) %' 11.1.3 +16¢233‘: ?ﬁ& .g - 1‘m
Sae pryg é&? - 3& X - = 8@ r:
(80 pras )(n : 360) 7.5 + %.%Bg x 2671.6% 2.503 w38 o7
( A 133) L 39%2 = 1,262 «ltS -SS : ‘
n » i

2 ?E
f 3 "k = 636 458 32
(n = 90}

N Gty W R WA R wl S We R SR A e W e R e Al A W AR G Y AN MR WD R N M U O WNE M R e e W e e

R TERPRE WO IS R YO L

it L R
Do it SRR

i PR ey

¥
fOPEY

Raport No. L2 -T-D 6-11
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. Copiitien b,  T® 2.0 esconds, (EF % L0 ails, éi = 153
Ogﬁ fﬁa%*%! #®ix 9-%2‘ w 2652, T

Ay Py
§ 238 .55
L2557 ,
' 3 fd 2@ - » 8312 - 36
(n = 90) :
G S S A W N SR S Ak A W Wk A SR bR Gl SO W e WAR B W e ok A TEE WS WIS G B R R W e B e A B e i
Gondition ¢. T=2.0 seconds, (EP = 3.0ails, o = 6407
Fmisiore fx25) 2 9.% 7 =a5mly L
See Condition &, —— WP
’: = 15”037 - ) * : '
P
5.§S§ X 1578.57 i ?.‘.,;.,;
LAY K
2117, v i
A - = 4,234 .23 .77 i
(o= 360y RIS ¥ OeETE X LT L E
(n & 200) = 832 = 2,207 ko5 598 Tio
1
2 o
A - k&s& = 1,058 05 395 ¥
(n = 50) | ay
ol
1
| 4
£ b
B $e12 . Report No, 09-167-D E
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Comditden a, 7% 5.0 seconds, &F% 5.0 sils, & = 18,016

o

F . {1&@&&*%2 25} x £.76° » 2509.75
Ssw page 67,
€ =190 ¢ @ x 25) x 9.%° = 10,72

", By
2l W
A 2 08 43 .57

, \ =
A * AL m 575 NS I
{n = 86} -52 b

A N e Ml R W WS S W WAL it NS Jall MR RUR MY NS AR SNE s s e A S ORGSR M s NG A D sl NN Nk we AR B

Condition e, Te3.0seconds, ZP=L.Omils & = LAY
F = (11309 + § x 25) x 9.76° = 225086 i
Sse Condition 6. . y
£ = 1.7 S
§=Bles 2*’3" x 229080 w1720 o
b w20 LIS L .2 195 805 P
{n = 360) . . * g
-3
i ~ 2%1-2 L 1.h57 &5 ‘& 4 f
{n = 18) -
i - 2'?1 = 7% Sl J6 N
{n » %) "
Report Moo oi-7%70 6-13 3
L b
J— --..::,,.,.M... — ‘9 \“\




e

Coarciithon ¥, P = 3.0 aagonds, CE? = ¥.0 wils,
é = {ga&g? +* % & ﬁ} x 99%? = 1809.62

Sae Comgition 4,
o = 130,72

= 1,363

&1k

n e et g s T . - R i L

»
& (i;

A

2
o = 5497

Hq ?K

+155%  L805
«39 .81

N« S ¥

wrle il o, Ffe 2
T -

-
PR U
L T

b besied bl Lond
R R W R s
—_—

b d
-

4 © e
L N R T

o
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LT COBDITION X0, 2 .
il Jovw lasd o« Pursult Courew

k11 conditions are the saoe a8 for Cenditisn No. 1 (Bosber Targei) sscspt
that the mar the fighter target V, is the sams an own speed of 100 Peet
per sscond.

Hence P, ®ET.

Sew p. 6=7 for explanation of symbols and valuss. . B

- g e
-
et i
G-
:;,‘
8
:
£
- %
.k
<
:
1.
LY
?
i
&
-3

R Lk e A B -

[ - L




CORFBERTAL

TARIE 5.9
P41 Cont lasd, Pursult Course -« Fighter vs Pighter g
ay @) G {h) (s 6 (0 (8)
r ¢ P y Y5» mrEs A & o

£} (seo) (£8) (fu/ses) (ftfess) (b}  (£47)

1500 535 2250 LobS 2669 « 721 %.0 123,00 in.2%2
3000 1.13 4S80 3IN3 2383 S92 WS 509.62 529,78
kS0 1.82 S0 3381 194 S67 1.3 1207.57 188.71 g:'—” :
6007 2.9 9O 005 1605 Sl .0 2339 272,80

() ) () a2 ) @ as .
G B Mah el Ran Room A o r ;
1500 (789 32,238 18,119 8.060 .5k o0 .82 o
00 985 8.9k Lak7 2.0% 87 B .59 e
RSO0 1,026 3,538 1769 885 .7 .55 38 .
6000 1.023 1.8 .2 62 .56 36 W0 e
o
Yor sciution of columna 1--4, aee pags S.7 . ;
Por golution of columns 5 and 6, see page 6.17 N . % '
Por solution of coluwsn 7, ses page 6-18 ! 5
For soluti u of column &, see page 8.1 E E

For suluticn of column 9, sev page §-20

Por solution of columna 10.«12, see page B¢y

For solutior of columns 13--15, see prge $.22 —

For Py curves see page 6-50.
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TR 3 S 2

- #alution a7 Solamn (6} ~. DY Bouivalaat

From BRL Report 807, formula (11} pm:aéu
s WTeguivs= Q0 x 1.5 {1+ i )

¥ ,
3310 21053
2 o

8
SOt T

, 2
For v = 1500 feat , 266

= .60 x 1,201 = , 721 1b.

ot wlh S e AR R A A YR ae e W G G S W N - Wi W Al e G WD a0k anl W G

29738
r = 3000 faet NT oquiv » 60 (1 + _.m__’)
3.5% x 10

r = 500 feet mﬂu'.’m(z*_ﬁ___?)
v, = 198 fv/aee x 10
w 50 x 1.11) ’.657 1ib.

Wil AR IR R ek S B KD WS sk G A e e G W WS U G WM TR O D W AR W WD W MG A G R R W S e W

r = §000 feet ™T squiv » .50 (1 + ——l‘-&f-r)
355 x 30

?.ﬁléﬂﬁtt/m
® 50 2 1.0 = 8L 1b,

tion of Column (&

Prom BRL Report 507, Curve Figure 2
Vulrersbl~ sres of fighter terget A 1s e follows:

T we Lb A, == Square Peei
L %.0
692 %5
4007 T5e3
bl 7.0
Meport bue 07 1A7D 6e17
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Solutien of Colums (7} -- }E

fron ML Report 807, formmla on page ™ a
o = [o? + (3-—3—@ 35] (1&32 |

cf » 18,045 1.0 sec.

o = 2.296 (gghr)®

Hence o for fighter target is same as for bombar target (ses psge 6-8),

S Rl

. L
s N
o A 1 AT O

I

-
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WTEN.

Solutien of Colum (8) =« o

From BRL Report 807, Foraula on page 7 (aw ecorvectad):

¥. x txsin®
g wewo IR 4 (b4 gy o5 (e
#in 20° = 1736, ¥, = 0O ft/asc, 7 =] sec.

Por r = 1500 feat, ¢+ = 535 ges, P x 2250 feot

of = owo (ML HEx AT6R [ 4 G20 20,0 G
w 8100 2 00751 % 1.28 + 95,18
» ‘ﬁ,ﬂh - 95.18 = 171,82

O VR IR W R s WR oA e G WO A e S e AR AN e sk ows B D e R G O W R T N Sa SR R NN SR e G

>2

Yor r « 3000 fost ¢ % 1.13 see, Pom LSO feet

of = oo (WRxAA3 AT [y 4 H%Le 18,8 R°
= 8100 x 00836 x 2 + 374,35

# 135,43 + 3L I5 = 2207 -

W i W N Wi MR R i Y NOR Wl DN G R DES MG A GED e WWR RO KY Gk D R aoE W VR W Wk Al B W B B G M SR

-

For ¢ = 4500 fest t = 1,82 ewe, P = X050 feat
o = f100 (MO EL 02 X AT [y, (S0K
= Blw R &9965 k4 3-25 * 93!3&’]1
o 284,30 ¢ 934.4) = 2188, 71

Ml AR N W Y M W WO M O KE T D R T N W M e TN WR WS wt W K e R W W R P AR A s Y AR W W A

Tor r = 0000 fuet L bm 2,69 e, P e 9%0 foet

» 8100 x 0119 % & + 1790.65
=" 3581995 @ 1790.85 = 2272,80

A i s M WG WA B LR A TN WD MR M A OB wae M O GO ok el s GNE SIS GRS R T OSF e GVR O W N MR DR GAK Wk WD e
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é‘

ﬂf&ﬁﬁ‘ ik W AN W WOR S W AR R Wl Wk W G W W A Wi WE M SN SRR RS AR DR R W W N N e R B e

m@' L m %, 3vu.‘ ﬁiﬁg g =® 13333, Qg = 17M.22

2% PLass, Lesom

of w0787, o wus.n

otwmu.yy, £ =omto

“,_\ A A PR VR A NS N S NG ST R R e W W T D AR T R s U WS VR NR W WS R SR i W WS W AR W e A Y
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e ¢ = 3000 fest, L 5.5, wz ® 509,63

190 (32 Jsds $0 {3/ load)

ﬁﬁﬂﬂuﬁﬁuﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁ-ﬁﬁﬁwwueﬂauﬁiﬁn-ﬁﬂaﬁmaﬂm

mnmam, ';vﬁﬁw# - Faame ,

-1 * 2—‘% & 2,0%
{a = 30)

WC W W Al A O WY S A @ W0 Y WP WD Jmr e A D N R AR S R Wk CRER SN R SR G G AEr M 257 G AU e e B A

Yor 5 % LSOO faet, B, % 8.3, & = 20757

Fir
) {WWHWWM)Pw?% Faam e e

_COFRENTL




Satudden o Caluaws
TR Shle il S Nl BN W

Gbtzin 8, from Figwre 47 of BRL Renost MR LS2.

B . B

B
. . "] - &g;

-

a "

Coi

For r® 1500 feets  Mull load g9 Am32238 B =.06
Helf loed  F=.M  Aw6N  H .0
Quartor losd = .79 Ae 800 K =.18

for » ® 3000 feet  Pull losd §=.585 Ams20 B =z
Half load §=.985 Awhaky B w2
Quirter losd  §=.935 A=20m R, =.ad
For © = LSOO fost  Pull losd $21.026 Awiw B =.26
Hadf losd  Fw1.026 A1 B, w LSS
Querter load %‘10026 A”im ﬁq-eﬁs
Yor = = 600 fast Pull losd é' 1.023 Am l-m B° - 0& l" .
Half load =023 Aw 92 K = ‘
_ Cuarter Josd 1023 Aw 462 K w .80 1
R . e
22 Repors No, 09-187-D i
@
3
&
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ﬁj’ggﬁ%nﬁﬁ

2 in the cass of the boabor taret (p. 6-11), Py mey be increased by
longer time of firding and decressed redius of 508 ctirels.
Ths following cosbinations will be considered for r = 5000 feet,
& 7% 2.0 seconds, radiuvs of 508 cirels = 3.0 mils
b, T=3.0 asconds, radius of 50% circle = 3,0 mids

W G e W G W ARk W W E W SR WS SR e S W et W e e e iR e W W W e e B ek B e e e G W e W

Condition . Tx2.0060, CEP=3aily, 632_*6.&9?

o = (6497 + § x 28) x 9.76" = 15N.47
Ses page 6-19.
o = L8195 + ( % 25) x 9,76 = 1510.82

O ERTRUT . KL
. x *

e X
3% &8
58 l2
- 20% -, . .
T ® @

Al Wik W S Wb s G W SR i Sk wn s Wb e Wtk NIE BEE Y Gl e oW WY Al AE Ms VIR WE AR W WD W A QR D e Dk W W

Rapors Ho, 09-i4, & 6-23
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P T LLSLTITITRI N
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Condition b. T * 3.0 see, P = 3.0 cils

of = (6,497 + § x 25) x 9.%% = 2009.62
f = u8L.55 + (§ % 25) x 9.%6% w 167,67

% = ﬁ:@“ﬁ 6,552 b1 3&9;& a 1,089
. X 5.0
ooy " O EAbTTIOT * 0%

F - "‘?2 'n = 1:18
{n = 180)

i » 252‘_6_ = ‘59
{n = 90)

o * 6,497

56

B

Report No. 09-187.D
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CCHBAT CONDITION HO. 3
Offset Colliaton Course «- Mghter vs Bomber

A1l conditions rnd symbols are the sase ss for Puranit Attsck (psge 6-2}
axeupt & follows,

@ = angle between sttecker's path and target path = 48°

»=o°

¥ = tiaw in seconds corsesponding to U' = 98 v,

G4 = sngle between projectile path relstive to tarpet at impsct and tarpet
path == degrees

A= jesd angle st timm of lire -« degreea

a: = standard deviation of horizontsl biss -- mils® o
fr = atandsrd doviation in verticsl direction ~- mils®

% Horizontal and vertical components of round .5 rourd dispersion
%) e -
2

“
} Semi-axes of an sllipse equivalent to vulnerable target ares -- faet
»

‘o = pxpactad number of kills if there weve no dias

¢, thre Cyp» Comronents of horizontal bias standird deviations dus to
imperfect input dete, residual tracking srrovs;, snd
mechenisy imperfacticns 5_.=:

€ B W ik . .
e T S TR e Y
‘ L A BT

R = ratdo of H.B. filler woight 0 projectile weight
4} = vulnerable eres read frow Curve 1 of BRL Report BO7 for
8'm 5% -- squars fest

*v w wylnsrable ares for any &' «- square fest.,

Repory ¥o, 771770 be28

Pro- - - B R . . R TR T I T

g et
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Lee Ros 7, o= fest 1500 3000 k500 5000
§ 1 (p. &b) t ~= s8c 535 1.13 1.82 2.69
2 (p. &h) P -1t 225 LS80 7050 970
-} 3p. 64) U --fefees LS I3 B oS
b (p 628) V.- fefeec 3Gz 3 2865 2igs
e § (p. 629)  r o= st 206 387 &5 &30
§ (p. 6-30)  win e 81219 82186 AR .850L
| 7. 6<36)  sin> 5603 16281 .im2L 38408
" 8 (p. 6=131) T equiv -~ 16,810 % + 736 + 08
g (310 807 AL - oq 28 290 2825 M0 2%%.3
B we.6n) A gt 333.0  _ 32835 322 3205
0 (62 o 38,59 3880 392 3.8
2 (. 633) G, 36,59 6638 B8 10083
23 (. 6o3) 0, 2589 100.% 22LW 352,17
L. 635 o 9Bl <536 <1336 2704 .
15 (p 6-38) G R37 Rl U 9nu ot
35 (p. 8-36) A b2 S0M6 9.0 82.% . !
17 (p. 637 c, 80.07 6955  $9.43 4838 Sy
18 (p. 6-38) aui 1,301 2,585 835,150 b b i ?
e - wh
% »
6u26 Rapert Ho, 093§D | é
3 s . L




VB dnE e e g Poasay A

g
T

- GORcoENTIAL

i%:ﬁi Yoo __2 v fE@L 1660 500 Lson 6O
18 (g, 6-38) af; 38,49 1082.2¢ 354 11,508
20 (p. 6-38) q; 126.56  S2h.A1 1225 23810
2 (. 6-39) & 88.97  366.k2 2627.95
22 (p. 839) & 9135 IW.5 B96.89 179,06
23 {p., &-uD) N 32,83 3.8 32,90 32.92
2 (p, 6-40) b 3.23 3,19 .14 3.l
2% (p. &41) 3,2l 30,807 25,019 27,010
2 (p. 642) 293,13 7.23  1803.68  Wb%A
27 {p. 643} 4 15.258 1. 766 532 3.81%

(B = 350}
23 {p. 641} 4 1,528 3.878 2.566 1.910

(& = 180) .
29 ip. 6-43) 3 3.8 1.93% 1,283 958

{ = 90)
n éﬁs é"&h) cx LD.&8 1k.64 ham 1:195
n (E?a 5“%) Gr oﬁB 0132 i?zé ‘ﬁh
a2 (ﬁs é"‘bﬁ} . 59 .52 ca& o&

& = 360)
3 {m, 6ok P .8 .8 .0 57
o } & = 180
3 f?’n Mﬁ ? - 71 52 37

(& = 90)
Yor Py surves oss Flgure 6=k, page 651,

§-27




Sclutien of Line{b)e- ¥ -- Strixing Yelosisy

From ERL 807, Porwuia (6}, page S
thﬁ%ﬁuz ﬁﬁmtfﬁﬁ“}m

¥, = ft/aeny com G = K7

r,rmmg T = {053 fest per sscond
v‘stm"’anmﬂumy:mx.m}m
= 3542 fast per second

T 3000 teat, U e 371 feni per sacond

vﬁs{mzasm"-zx3mz&nx.mv)m
= 31211 fest per sscond

r,-mmt, U = 3361 feat pav gscond
v {3;12 +38° . 2x 8 x aw&*‘:m)m
= 2855 fest par secomd

rr*mmt, U = 3008 feat par second
vaumz*msz-zxamsxanx.mﬂvz
u 299 faet per sscond

o W M Rk DN WS WIS G M Nk e AR G e MR OFR NEG AR A A G Gl M DA WS W R e A b NE e R el e B S S
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3
A
4
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o
i

g ege by
g

Sebeidon of Lite (5} wx ¥ - Prowspt Raoge

Prom ML 507, Poreuls (7) puge Se

v flo, 9F 4 (0 ¢ vers - 29, tlrp ¢ 9, 8) ooe n}m
i“t 1500 m% ¢ w 530 eecond
e o flEan e .29% + (1500 + oo 2 52507 « 2 x 831 = 535 = 707 (3500

w 1966 foat 7
?f*mﬂws t® 1,13 seconds
r = flan x 1237 + (3000 + 100 x 2.235° -z::an:xmmmim
#W:Llﬁ}}m
& 3957 feet
g ¥ L0 feet, t w 1.52 peconds

- [{mz 1.82)% ¢ ¢4800 + 1500 x 1.82)% - 2 x 8L x 1.2 x D7 (450
+ 1400 x LE"‘}}I‘&

u §055 fest
re® &0 feet, t = 2,69 secunds

v [(811 x 2,690 + (6000 + 100 x 2.69)° - 2 x B11 x 2.69 x . WHE000

+ 1o x 2.69))/2
= 83,0 teat

Ak We N g oWE WIS e N W W R A AN GG ANE TS S W GG YR W CBIR T ek Sut W iR e ol ol MR W G eD W TR e Wik e
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CONFICERTIA

| Salution of Lirw {8) -« sin @Y

From FRL 80T, Pormula {8) page §3
Pauin &
ﬂw

gip 89 s

W W BEE wa VAR GME WER WS S U R A W MR Gk W I G A e YNE T GR A W Wt Gl AP W i I SGh W dar S W AR oA B

for r, = 1500 feet, gin @t w “?f 2207 w g1219

G s WD M AR DR M WD B AN WA W MDD AR BN NS AP M AN Wy O WY D W BB JOU M NG UBE G AN JUS MR SON NS SEN W WS WD

For v, ® 3000 feet, pin 6t u 25 X aT0T o povmg

o i e ARk B MR MO MR e UTh WA AR AR B Wt B e WS T e QIR W e M R e DR N W S WU T TV D e N o VW

for r, ™ LSOO feat, mm-@-}g@f&s.sm:t

ek AR A e B W S B VR W W IR A O W SN K D SV G 2 W P M W e O R M N W D R N T SR W e

For 7, = 6000 feet, ama*mA%ﬁuwewm

Solutden of idne (7} o= 3in
Prox IRL. 807, favaula (9) pege S»

¢, tuine S
3“ h‘ W -&-———-—-a ~

4

Al M G W S S AR SN Rk S WE W WS W B¢ NU T W NN TS0 S B P W OU B i T WS Wi NP T W N B WT e S

For £, ® 3500 foet,  ain nm SHEGEE D04 15003

A A5 NN A A O WD AW WS WS S W O T Wh WA WA R R e Sep Ml WD SR AR guy il Wi G G AR e A NP S A U T

Tor ¥, ® 3000 feas, oinnw B2 L2Vl 0 600

SR e G G S O R il A G MR AR W N W A TR W M R A A S N IRT S G R W W WO W il o A W R S

Yor 7, = LE0o feot, pin w22 X 822 WTY o qmay

oy oW TN W W WH v S AR O W SR U W e WXt e B W ar i B A B I WA e G W B okJ WS B M W I W 633 N

For v, % 6000 fost, mx-m%wﬂnmaa

e M0 W G M DR MG 0 KN Gk MR AR O D AR e B G e A W W e KD A W SN D el e GO0 MR N GBS M QDD MR OF e
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COMTATIAL

Solution of Linw (8) .« THT Bguiwaisnt
=15 L0 15 MOX

From DRL 807, formula {11} pepe &:

v
INT Soudv (1b) = 4MR (1 + «-—--—,-—--' )
8 x 10’ 4R

Yor Ty = 15,0 feet

€
™Y Bquir = 60 (1 + ) = 810 1b
x 10

, 258 x
W RN W B G W dFF WS B AP IR Wi M AR AN e AR W AR W WB A R D A N W R NG e e S S W o s R e

myrrnmrut

.2
INT Boutw = L& (1 +--;3i’=ﬁ—-7) -1
x 10

S W R WS W WE FNE SV SN WR A G R Ak W a S W M G M ER g W A A MR AR MY G N AR R A e W A W

Yor r_, = 4500 fead

¢ 2
WD Bauiy * 40 (1 + —= ) = .738 1b
3.5 &

W R BN U s W O W W YR N W AR Gap e e e WR UD NG N A Wb e W W R A W N NS SR A a B S

’t = 000 fout P
mmw,sacn——ﬁ—-f)”‘ = .78 1b ‘
Solution of line (10) »» A‘,
From BRL 807, Formuls (30) page 61
A, =AY {¥Z sin at)
Yor v, ¥ 1500 fest A, =290 x 1.4 x 8122 = 333.0 aq £t
Yor rr - m feat " = 282-5 x labm x .5213 - 328t35 g ft
For v, = 4500 faet A, = 275.0 x 1.h1 x (8343 = 324,42 sq £t
For T, 6000 fest A, = 267.5 x L.4ik x (8501 = 321.5 sq £t
Hapory Fo, G#=167-D én
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- fojution of Lins (1L} ee ﬁ

Prom PRI 807, pege 81
c, = f;%) {t{ﬂ « Vod{r = vy co8 &) = rp(2r « r, con }.)}

For r, = 1000 fest
Gy = (==2g) (5354069 - 100) (1965 = 1500 x .9877) - 15002 x 1966 - 1500 x L9077}

"8

For r, = OO0 feat
Gl - (;’%) fl-nw?”ﬂm)ﬂ?&?-m X '986?) - m& x 3987*3900 x 098‘673}

-~w25&%n-ﬁmﬁﬂmnmom--mﬂ uuuuu R W cae ShS A S B A s W A A

For L 4500 fest
0y = (=225)3.82(3361-2400) (6095-4500 x 9852) = L5002 x 60954500 x 5852}
i " -”.92 R,

For v, = 6000 feet h

6, = (ﬁ){z.mms-moommm x .983) - 6000(2 x 8370-6000 x .583)}

= .38 ;81

W WS W e e SR R W M G WO AN TED WP W WD ok A AR W I IS GUF TN M AR W MR R TR N AR WG MR B BE a0 WD S O
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AT

Fy

8&3&%0& of Lirw (12} «~ _c_g

Prom BN &7, page Us

oy = %& {W-Vr}t-{?rwreuk)}

W i al MR RE W WY i W e TRG G R M T WU ) W A U GBS W NBE W A VI A e O OB VIR R G oW e W e e
[y

For re® 1500 fret

« 36,59 - 5 : |

MrEIWMt

.

mrfﬂm foat

= 85,13 ~

ﬂgnuuﬂﬂﬂ‘-ﬂmu—umﬂmﬂ-mﬁ‘uﬂmm-ﬂﬂﬂﬂ---—ﬂﬂﬁﬂ-

Mrgﬁéﬁ@om&

\

6, = (32500 {(3005 - 11c0)2.69 - (6000 - 83 x ,963)}

ARSERD

» 101;83

I AR W A ML TN WD TN G DU TR g GE W WS R AT AR RS W N K S W TR W G M U M R W R M R B e e e

SRSV

< e,

-

NepeTs Mo U7 U°T D 5-313
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“Soiuties of Line {137 - f;

Prom BRL 807, pape 8¢

et

= (004t cot A) {(v AL “"""i' - rfz}

For v, = 1500 fest

6y * (.00k x 535 x 6.33) {{L069-2000).535 + (A568 - 25003}
= 26,89

G NI e i AN VW VAR W AR il O e G e b N Al e M DR s G A AT R T O W N TR S wi NN Al Rl R W D 0l

m:,-hmme

0y = (.00k x 1,62 x 5.75) {(3382-1400)1.82 + (55 - Lsoo)}
= 2210” ~

S ol W WD G W Ml NE AP D AN WS onk VIR ANG W0 D A BT Si M Wt BE W PR W v M AR W KW W SR W BRI G B

MrtnéooOtnt

6y = (400k x 2.69 x 5.33) {(3005-12400)2.69 +(233 - 6000)}
- 352,17

W WS A G W AR R A TS A U S u G s W e uh MO W ks WY W g N e W A M S A SR W B B VR AR M W
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Sslution of Line {ih) e g

From BRL 507, pege B¢
G, = B - vge - o}

WA A BN G G ST N B Bh MR Wk e A i KO e G R A e W A TS DR AN W G SR i A W e N TR AR VR N A

2y {ios9-100).538 - 1500}

Por v, = 3000 feet
6, = Btk {13733 - 001223 - 3000}
x 5.1

for r, ® b300 feet
g, = (2% {301 - woo)n.62 - ksoo}
= '13036

W W Al AR WOF AN VB AW i GE DN G BN AN G VI O ur W e W G u D A B SR W A e AN TNT T AR W s S W Wi

For r, = 6000 fest
0, = (5258 {c3005 - 1100)2.69 - Gooo}

- Q?.ms

S W G Wbl G A @ WE WE W W AN fe WS MR W SE ek vk N W el M ER e A A0 W R oy Ak B e W TR M O MR T

Repard Ku. 091875 o=35
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 Solutden of Line (15) «m QE

Prom BRYL 807, page B2
¢ = (1Y, - U
B = Wloo tefsee; &« ,137 secont

o g W A we G5 M N ek ANk e IR e AR A Al TN TER WS A B P WA A ae AR D WD B TS e W AR W DRy EmE W W

For v, = 150G feat Gs = (1,01 x LhO0 - L069).137 = 51,37

Tor !’: = 300 feat 65 = 61061 x m - 3?33)‘:137 fd 9?'&1
For r, ® L50% feet Cg * (1.02 x 0O ~ 3381).137 = 15,63
mrr.m fest cs.ﬁanl:w - 3&5)-137 “19?1&

Solution of line (16) <« S

Prom BRL 807, page 8¢

e

g5 = (.002 ?}{%mc-mta}

-“‘ﬁ“-“‘*ﬂ-““--“-"-‘m‘-'““‘-_—---~~-

For r, = 1500 feut 6, » (002 x 2250)§4082 x 2.k - 2} = 27,02
Yor r, = 3000 feot Cg = (.002 x b580) {42 = 142 - 1} = 5016
For r, = L500 fest caai.m:m){lg%x 1:&1&*3}&69&&

m:-‘.-&oaow:. Gy = (.mszﬁO){%x 1.43k -1}‘82.75

. A N YER SHA et R AN MR Ga WOk UM U WS e R W S ek GDP M W R N A B At W R G MR WU G G T My G e

g

y .
[

S e A W

JL)"
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Solntion of Line (17) -~ C,
From B0 857, page 8¢ s e

- ] G, = LOHT - ¥,

For r, = 1500 feet Gy = (03(4069 - 100) = 80.07
Yor v, ® 3000 fest Gy * J03(3733 < 1h00) = 69.99
Yor v, = 4500 fest €, = 03(3361 - 100) = 59.L3
For r, = 6000 feet ¢ a.aatms M)*a&.ls

R Lk 4 k8 o A S M Kb S S A

Solution of Line (18) -- T,

1500 Puet 2000 et L500 Pest 6000 Pest
uige.2 18508.4 151h.8 1506,2
1338.8 §313.8 _ 19%6.9 10,369.3

670.3 10,148 49,186, 153,797.3

,4 «14_,.w..,.,....”’
v Sy . .
L A e

1.Q 26.6 1”‘5 moﬁ

26%&? %88-? 21,298-1 3&;8&;2

1.8 25h6.2 3.8 68L7.6
11,2 L898.6 3531.9 23184

S B vl & S o b-ﬂwlh"

13,301.2 32,98%.8 88,150.4 21k,434.2

™M
o

faport No, . AGD 637

iy e v e T T e e CHT R TR Y T

B e T




- Saluticn of Lirs {19) = ﬂg

From BRL 807, Foreuls (1U) page 91

v . 2
F e (tame;? F
* ‘V; ’ zgici

A ek Gt sk Nen G NG Win AV A B Wis oD W N W MR W WP e M VIR W R W K. SR e e VI R R D Y IR N e W B

For r!.*.t%ﬁ fant
F&rrrﬂim fast
Mrt'k% foet

m:-ram fest

o = (x5} x .07 » 13,500 = 348k
Oﬁ ] i% x .?ﬁ?)a x 335&96 = 1052,2¢

ai - (EG% x .'}0?)2 x 214,434 = 11,300.0

Salution of Line (20) - f;

From ERL 807, FPorsula (15} pege 91

a§ = {,005 7)°

e St

-y

W N W G e B N mE W SO IR W WA WS BOR GG EE R TP NP WIE MY W NG ek W W Gal T WM GRS AR R W 8 A Wil e

Mrfﬂm:nt
?arrfﬂm fest
!arrf-m feet

m;—r-éommz

6-38

of = (.00 x 2250)° = 126,56
o} = (,005 x 4580)° = 52411
o = (005 x 50)° = 222,58
of = (005 x 97%0) = 238144

mﬁ &h 09-15?-5

oo
" mw.vrmm W‘W'mhnna,unw intadiis
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Solution of Line (21) =~ o

Proe: BRL 807, pess 93

w ¥

] o = (gsher? :gws-gj o S

y &

: o = 18.0u6 for P = 5.0 at2e, s = hg°

: For r, * 1500 foot of = 2.250° (y5a% * 107 - FHH° x 18046 = 88,97
Yor r, = 3000 feed % - 3.5802{% X .07 - %)2 x 18.046 = 366.4k2
Por r, = 4500 fest o = 7.05% Gogi x .07 - 337 x 16.046 = 86097 *‘-,ﬁ-'-"-
Solution of Line{22)-- °§ ~ o

mmﬁﬁ'ﬁﬂaﬁ?t

Por v, w 1500 feet o = 2.250° z 18.06 = 9135
, »
For £, * 3000 feot o = 1580 x 18,046 = 378,53
Yor v, = LSOO fest o = 7.050° x 18,046 = 896,89
For r, = 6000 feet % = 9,760% 5 12.066 = 1715.06 »
]
Mopsst %o, 09-187-D 630
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Zolutiom of Lines (23] and (2h) —v & snd b
Prou BRL 807, page 104

ren % & g %s 8.85 yT ain o+ for bowtwr Sarget
' A
ing m&mw%fﬁznhm

. X
. ,y y
% x 8.8% 7% otn ot

m:-t-mgwh

¢ = gy = R0 et

WE S ey W N WE T AR K G G TS R et A e R e IR G Re e AR Gl S IS A e A G e BN s e e W T W e

m:-rsmmt

* = iy = 320 et

B A NS T M TE WS A IS AN A W N WY BN NP B up A G D Es A A Rk W W S W B A DI me A o MR W W A

For £, « 4500 feet
> ’Vrm%’%‘%rmm " 3.3b feet

B2 ek * 32,50 fout

AEE g W WE N WE WE W W WP T O G M M Gk AIE Bk W gl e am BEF R AN G O W Ak G AN S WR W N W NS S W

For r, = &000 feet
b YT T ~ 1 e
o = gt x 32,52 fost

6-*& w&ﬂ xﬂt ﬂ?‘lﬁ?'@

Formay

owd B e e

. .l‘d.y.-.,:,__mu-.4.:1;-,-;:,.-««":.“-"«"7' hid '




CORTIIAL

- dnlution of Ldme {39} "@3

Prem EAL 807, Torsula (35} pags %1
. \j . |
%nﬁééazda {’Bmvt}zi’g&sinﬁ}g% for rippls five cww P peconds.
.

T o 3.0 sevond

For 7, = 1500 fest |

| o w2z 80974 32.55% ¢ (065 - w00)? (i x o 2} |
= 1255.75 ¢ 31,168 = 32,024 ?

% = 10

A W GER AR W bl W sk e NI R WS A AN TN AR M S G M WA W B BN AN U W A D R R R W W W N S e R

e g '

e Ty = W00 faed .
=22 36602 + 32,0 + 373 - w00)® (R x 00 x }
= 1810.65 + 2&,996 = 35,807
] ] % =175 ——— .
For r, ® LS00 fest .
, 2. . 2, 81 2 3
éae:&w.ﬁnz.m + (3301 - 100)* (xght x . 707) x ¢ >
= 280i + 26,215 = 29,019 P
’ﬂ - 1”05

mn..’r«.'axu‘..'.‘d LAah T

Yor r, = 5000 feot
o2 =2 x 262795 « 32.92% + (3005 - w00)° (ER x 0N x }

PO

= 4339 ¢ 22,67 = 27,000

»
5 = ML
faport 8o 187D &l
 J




Seintion of Lins {24} =« =§

4 From BHL 807, formule (17} pags 20:
~. g : é = 2% + %2
. For r, = 1500 feot
' o5 v 2 x 01,35 ¢ 3.23% = 103,13

f? L J 33;9
Fer v, = 000 feet
2= 2x 3853 + 3.5 = w2

‘tv- = 2.7

Yor T, = LS00 feat
o5 = 2 x 896,89 + 3.1° = 1803.68
'v = m‘s e

!%rrfﬁm faet
o2 = 2 x 1719.06 + 3.7 = Wk W
'&v'ﬁ«?

vt

e

»

|

§ -
i

m“”mmlmmﬁ‘é.ﬂ\zt se*-.«...—.. _‘_.

5-*&2 mz‘t %6 ﬁ?‘l&? "‘B




Soluttion of Lines {27} throuph {29) = X,

From BRI 807, Porsmis {18} paps 304

oy

W AR W W S WS WY AR e AR O i D ik A Rl Al RE AR s W o S S WS S Al A IR S REE ARK b it ek SR ek MR
m:i.amma ‘

m % ﬁﬂﬁj X p ':’

4 l = &4 '
(n P3s08 15.256

- 13258 2 L3
{a§%} 7.825

15;2% =
s 2 --r 3.8

Yor r, w 000 faet
3@ x 1‘33 x 3.19
« BEF . s
in a@w% s X in
e «1Jlaesen
{n u’-‘m; -

o Fosoy 1058 w 1,939

for r, = K500 fest "
t = x - X S - 5.132
(n .93&) Al X .
- 2—% = 2«5&
{a w150}

5, o) « 2212« 3 269

Taport ¥o. 1 43D &4
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For rf = HOD0 feat

360 % 32.92 % 3.1
o Sy " RS 0

«2:802 0 3 oi0

B
{n =180}

Solution of Lines (30) and (31) <= cx and Gy

Prom BRL 39?, pAES 8!

2 2
1
Wi e
o2 v o2
® y

0, = yiabllo = 10,68 ,wwayw%u 763

---ﬂﬂﬂ&—-m-ﬂﬂﬂm‘—ﬁ—----—-—-n--tothﬂnmnﬂmﬂ“ﬂﬁﬂ-

m-rf-momt

30,807 " 7.2
Gx = % 1050, = .64 in, = ) " = ,732

ﬂﬂﬂnﬂ-ﬂmﬂﬁn_---—“—ﬂmﬂwu-n—uﬂ-dumﬂ“_ﬂ--’——-i

Yor v, = k80O fast

29,019 1803, 68
6, = T35z © W15 Sy = riamzEE * T

-
‘ﬂlﬂt‘x“‘ﬂl-—---‘nn—m*--‘ﬂﬁn"cﬂﬁ"_“——--—ﬁii““u

Yor r, = 6000 feet
27,010 s 7.
O, = TEHT 0 = 11% o = riTmLG "

E~ih Report No. 09-187.7
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RS

Jelution of Lines {32) through (3h) - B,

Uss supplesantary grephs in "Caloulations for Kiil Probsbilities of 30 to Mmm
Oun Bsehandsa® datod 26 October 1953,

mhiﬁ q' ?x » 1 " q
For r, = 1500 feat C, = k0.68 C, = 73
B, = 15,258 (n = 360) q = 03 Est. K, = .99 Rat.
B, 7629 (nw10) g @ 05 Hat, Bew 55Kt ¢ »
R,o= 3AL  (n=90) q = .09 Eev. B = .91 Bet. |

‘--n-"-ﬁ--m---n-‘n-““_"_-“mu-‘“‘““-“‘““‘

MrtﬂMMt Qz'ﬁt.éﬁ G’,'-'B2

:ﬁ - 70?56 (ﬂ = 3&) qm™ 09 D7 08 PK = 32
35 = 3,876 {a = 180 g = +17 16 +16 P‘ = 8L
tﬁ = 1,93 {R = ”} q ™ «30 29 29 Px =,

?wrr*hswﬁﬂ G, = L2 G’,'-ﬁs

=SB
g@ = §,118 (nm 360) qm= 11 %11 %1 ’x s 86
‘0 - 2.566 (ﬂ = 1”) - «30 «30 0 P: 2 %
o1 (o) q= A9 47 4B B om .

‘-ﬁm--nﬂ!ﬂqﬂﬁ“ﬁ-‘-ﬂmm_--n--nﬂl-----iﬂﬂ-—.-mﬂ

Yor T ™ 6000 fest C, = 1135 Gy = %k

cr = + 0 + 75 uﬁi‘

3, @ 2.819 (n=35} ga 27 .26 26 B .
B, = 1.90 (n=180) g¢q=u 43 43 b3 B ® .57

958 (n=R] gm= o83 63 63 By = .37

& Thess points fall cutside of the fanily of €, ourves, but are compstddle
with ripple fire Py at 1500 feet at the bottom of page 6, *Calouisdions ¢
K11l Probabilities® dated 26 Octobar 1953, They are also coaparciis with
the pureuit case and feir into Ppml.0atr=0,

Repoet Fo. 00370 G=li5
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CORFIENTIAL

In order to inventiprs . the effect of & higlwe rate of fire at loag

range, let ux sssums T w 50 second instesd of 1.0 sscond as in the eniculas it
*ions,

1. 2000 fest {See pagn 6-41)
2
23 = U339 + (3008 - w0)? (pkk x o) x 22

Fer .

@ 10,007
%t 100
(See page 6-42)
Ty = 58,7
B, is inversely proportionsl io %, Hence (8es page 6-L3)
E, » 3819z yﬁ‘ﬁ-—h = 6,278 N »
(Ses page 6-ih) L
Op = ég:% = lb28 . %
" (Sae puge 6-LL) - { i
G = T ) o
From graphs q= .33, By = 67 L '
Sintlerly, assuming o firing time of .8 sesond, all other conditions U
remaining the saus
o o2 = L339 + 14,509 = 18,8L8 gp
; 3 % = 137.3 ﬂ
& v, = .01 x ek wism o
g, = %g:.% - .53;; .'f »
et T T - St I8
e e Y

Sobids Smpoyt No, 09-187-D !




i)

Simllsrly, sasuming & fir0-g time T = 2,0 ssconds:
2 = k335 + 90,68l = 95,023
ﬁg = J08.3

. 16h.4
!5& J.Biv x m m 2.0L%

6, * 5552 = k.20

ay w78k

g = 37 B = +63

Hencw, it mey be peon that for the full complement of ammunition, i.e.,
250 rounds, fired &t a future range of 6700 faet, 1.0 second of firing time is
sbout the optimum rate in order to obisin the maximum kill proedability,

In opder to obtain the optimum firing rete for all corditions on a
solliszion course attack, & datsiled atudy would be required. At any rate,

it zay be 2een that 2 varisbls firing rite is desirsbls depending on condi-

~

tione encountared.

Comparison of Migures 6-2 snd &} {immediately following) shows thero
is 14ttls to chicose between the pursuit and 450 offset collision courses
against & bemhwr, Apparently, when the kill prebabilitiss axe wery high, the
insrease in target area with geometry is elatively uzimportant, However, the

improved probability of fightsr survival would still rewcommend attacking on

ihs beam aspact; pariiculariy st shorter ranges. At lopger mnge; the proba-
¥Mlity of Mhtor survival incressss urndar the soeoified conbat conditions,

i ik _Simplar fiye. control problem sy therefors he s detemining factor iam select~
ing & pursult attack in that erse.

Ropegt Mo, . ic”7-D E=L7
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o
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g
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A |

) t 2 3 4 ) & ? 8
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SZSTION 7

.*j

LOGISTIC CONSIDERATIONS

The arganiting of ssintenance and spare parks supply in the £900d 4s 2
sajor problem in the considerstion of combat application of any vew smigun.
This is especiaily trmus of automatic wespone of 20mm and higher asliber. "™
compledity of submeatic nachanions, par se, casses grest canlexity of ateynge,
naintanance, and supply.

The rumber of spares necsssayy to maintsin the opsnecharber gun s
minixined by sooparstively locse tolersnces sxd the slimination of seciprvcating
parts. Tt is quite possibls fhat ‘e barrels will need replacement after fiving
aat the M1l complamamt of pewual*? L after ove or two aissions, Agwming that
%0 be true, the overall expendabls weight would de only 125 higher then tie
somnition slone. Costewise, the psrossiege of incresse {considering the baryels
eapendishie) would be even less. THis 1s belleved to be of sinor considersticon
in view of the kigh ki1l prodabilities achieved,

imcition sepoly is ancther logistic problsm sncouniered with sutomatis
wespons having high Miring rates. This prodlem is alleviated to sone extent by
the reduction of storege volume of the speelial smmunition for the open-chasber

fin. This reduction may bs s3 high as 308 over comventionsl ammmition of
simiinr ballistie performancs,
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